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Defence: the New Shape 


T is commonly said that Britain’s defence policy, as outlined by the Minister 
| of Defence in the White Paper abstracted on page 464, is being “streamlined.” 
In professional parlance we should say that it is being area-ruled—and the 
term is apt, for it implies a pinching in of the waistline to enhance performance. 
Drastic reconstruction is involved, as when an existing airframe is subjected to 
the rule. Bomber Command’s home-based Canberra force and the 2nd Tactical 
Air Force in Germany will be trimmed to about half their present size. Develop- 
ment of fighter types “more advanced than the P.1” will cease (with the possible 
exception, it may be supposed, of the Hawker private venture); and we shall not 
now have the Avro supersonic bomber. American medium-range ballistic rockets 
will save us time and money and will enable us to concentrate on “more advanced 
types”; and a ground-to-air missile system will “in due course” replace our fighter 
aircraft. There is implied confidence in later developments of the English Electric 
P.1B; and if rocket boost is still a requirement, even though SR.53 development 
may now be sterile, the R.A.F.’s final fighter will doubtless prove adaptable. 

Surprisingly, the Minister did not announce, as was widely expected, an expan- 
sion in Transport Command, though he did remark that, with the reduction in 
size of garrisons overseas, it was more than ever essential to be able to despatch 
reinforcements at short notice. With this object, he said, “a substantial fleet” of 
transport aircraft is being built up within the Command “to which a number of 
Britannias will later be added.” But orders for ten Comets and thirteen Britannias 
—even when added to present obsolescent equipment—will hardly constitute 
“a substantial fleet,” even though the work capacity of the new machines is much 
superior. 

The drastic diminution of physical resources detailed by the Minister does not, 
of course, connote a parallel reduction in our hitting power, for nuclear armament 
is becoming increasingly available—even for defensive guided missiles, the 
Minister said. It is our industrial stability, rather than our national security, that 
is imperilled; and pending such redeployment as may be possible, there must be 
real anxiety for more than one British company. 


Deserving Support 


ATHER ironically, the first donation to the scholarship fund set up by the 
Association of British Aero Clubs and Centres as part of their bold scheme 
to widen commercial-pilot training facilities arrived from far-away Kuwait 

—sent by Sheikh Abdullah Al Mubarak, that country’s deputy ruler and president 
of aviation. To say this is not to denigrate the sheikh’s generosity, which prompted 
so many similar thoughts that within hours of the scheme being announced its 
fund had risen (by promises, at any rate) to over £1,000. Irony creeps in when 
one compares the swift Oriental gesture of approval with the situation in this 
country—crying out for commercial pilots—as the M.T.C.A. registers an academic 
approval (accepting the syllabus of training “as outlining appropriate curricula 
for an approved course of training for the licence”) and the A.B.A.C. registers 
itself under the Small Lotteries and Gaming Act to raise money for its scholarship 
fund by selling lottery tickets. 

Fortunately, the future production of British airline pilots will not depend on 
Sheikh Abdullah’s generosity and the proceeds of club lotteries; most of the 
independent airline operators have promised contributions, and at the inaugural 
meeting (reported briefly in a news-item on p. 429 last week) representatives of 
the Corporations also expressed approval. 

It is to be hoped B.O.A.C. and B.E.A. will turn their approval into financial aid, 
and that the M.T.C.A. will lend practical support. For however much the A.B.A.C. 
may wish to avoid having a subsidy—and this, we gather, was the idea behind their 
lottery—their scheme is such an excellent one that it deserves the widest possible 
national support. 








FLIGHT, 12 April 1957 


FROM ALL 
QUARTERS 


Defence Cuts: The Industry’s Reactions 


‘THE principal members of the aircraft industry undoubtedly 
had a good idea of the nature of the defence decisions (see 
p. 464 and leading article) most likely to affect their interests; 
but they could not, of course, publicly express any opinion until 
the White Paper appeared on Thursday of last week. 

As soon as comment was permissible the views of the Society 
of British Aircraft Constructors were expressed by its director, 
Mr. Edward Bowyer, who said that his organization was con- 
cerned at the White Paper reference to “curtailments of the 
research and development programme.” The Government- 
inspired supersonic-airliner project would need the same research 
—into high flight, thermal problems, etc., as a supersonic bomber. 
He added: “If we arbitrarily restrict research and development in 
aircraft and guided weapons we do so at the peril of national 
defence and exports.” 

Sir Roy Dobson, managing director of A. V. Ree and Co., Ltd., 
and a director of the Hawker Siddeley Group, issued the follow- 
ing statement: “It is true that A. V. Roe were working on 
a supersonic bomber which, as stated in the White Paper, has 
been cancelled. It is obvious that there will be very substantial 
changes in the defence programme and Avros will by no means 
be the only company affected. The cancellation will lead to the 
redeployment od ame personnel and equipment, but it is not 
likely to result in any immediate redundancy. Despite this set- 
back, our research activities in the field of supersonic aircraft will 
continue unabated.” 

The Hawker Aircraft Co., Ltd., stated: “This company’s plans 
will not be affected by the White Paper, as the shrinkage of the 
organization has been taking place for some time. Our rebuilding 
programme, which is well on the way, will be completed to 
schedule, and our new project—erroneously described in certain 
newspapers as ‘a pee fighter’-—is continuing.” [This 
statement was issued after our leading article had gone to press.] 


Prince Philip Tours H.P. Factories 


FLYING from Buckingham Palace by helicopter, with Lt-Cdr. 
Spreadbury as co-pilot, the Duke of Edinburgh last Friday 
visited the Handley Page works at Radlett. After being welcomed 
by Sir Frederick Handley Page he watched a demonstration of a 
Victor, and later spent more than half-an-hour inspecting the 
interior of the aircraft and discussing its features with test pilots 
H. G. Hazelden and John Allam. 

He also inspected a Herald, discussed a model of the projected 
transatlantic airliner, and toured the servicing school in which 
R.A.F. personnel study Victor maintenance. After seeing the 
new high-speed wind tunnel Prince Philip left for Cricklewood, 
where he lunched with Sir Frederick, before touring the 
departments there. 


A.B.A.C. Annual Dinner 


PROPOSING the health of the guests at the annual dinner of 
the Association of British Aero Clubs, in London last Friday, 
Mr. G. H. M. Miles (chairman) referred first to the new A.B.A.C. 
scheme for training commercial pilots—reported in Flight last 
week, and discussed in a leading article in this issue—and also 
announced an interchange scheme for young people from this 
country and France, under which periods would be spent in the 
homes of flying-club members. The need for M.T.C.A. kelp over 
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“Flight” photograph 

HDM. 105 is the type-number of this remarkable Anglo-French proto- 

type, embodying an Hurel-Dubois wing on a Miles Aerovan fuselage. 

It was first flown by lan Forbes on March 31, and as we go to press has 

completed over five hours in the air. Successful trials will prepare the 

way for work on the HDM. 106, to have a payload of up to 3,400 Ib, 
and for even more advanced developments. 


Rees eS Se Se 


~ meg of the Chipmunk was another point made by 
r 

Proposing the health of the Association, Mr. Airey Neave, 
Joint Parliamentary Secretary to the M.T.C.A., referred to the 
commercial pilot training scheme which his department was 
considering in conjunction with the Air League. Viscount 
Runciman of Doxford, president of the Association, replied. 

A.V-M. W. J. Seward (Director of Auxiliaries, Reserves and 
Cadets, Air Ministry) and l’Abbé Amiard, of the Fédération 
Aéronautique de I"Union Frangaise, replied to the toast of the 
guests, and Viscount Runciman presented the Lennox-Boyd 
Trophy to W/C. C. E. F. Arthur for the Fair Oaks Aero Club. 


Powerful Avon 


I; has been announced that the Rolls-Royce Avon R.A.24 has 
been type-tested at a (non-afterburning) rating of 11,250 Ib. 
This is a truly remarkable figure for a unit of such modest 
compass and it approaches twice the thrust of the 6,000 lb RA.2. 
No details of the application of the RA.24 may be published, but 
it seems fair to assume that it is a military powerplant probably 
used in several of our most important aircraft. 


FARMATION: Indicative of the steady production of Edgar Percival E.P.9 agricultural aircraft (subject of an article in “Flight” last week) 
is this light-hearted line-astern sortie from Stapleford Tawney. Present capacity of the factory is ten machines a month. 








FINAL FIGHTER: Above is the first-released picture of the English 
Electric P.1B fighter (two Rolls-Royce Avons). Compared with the 
P.1A the fuselage and cockpit have been largely redesigned, and there 
is now a dorsal spine aft of a clear-view canopy. The P.1B is repre- 
sentative of the ultimate type of fighter for the R.AF. The P.1A on 
the right displays a revised wing plan-form, with kinked leading edge. 


Fairey Executive Appointments 


| ae new executive appointments within the engineering 
division of the Fairey Aviation Co., Ltd., were announced 
last week: Dr. G. S. Hislop is appointed deputy chief engineer 
and retains his position as chief designer (rotating wing); Mr. D. 
Wakeford, yy assistant chief designer, is now chief designer 
(fixed wing); Cowle, formerly vor oars (air- 
frames) ae deputy chief designer; and Mr. G. M. Spinks 
and Mr. W. C. Scott are appointed assistant chief designers. All 
five—whose portraits appear below—are responsible to the 
technical director and chief engineer, Mr. R. L. Lickley. 

Dr. G. S. Hislop, Ph.D, B.Sc., A.R.T.C., M.I.Mech.E., 
F.R.Ae.S., joined the company as chief designer "(helicopters) in 
1953. Before that he had been in charge of B.E.A.’s helicopter 
development unit, and during the war he had held various respon- 
sible posts at Boscombe Down and Farnborough. 

Mr. Wakeford joined Faireys in 1938 after 23 years with 
Vickers. Since 1952 he has headed the section of the design 
office concerned with the F.D.2. Originally with Westlands, Mr. 
Cowle went to Faireys in 1938, and for the past three years has 
been senior designer i/c Rotodyne airframe design. 

Mr. Spinks began his working career in marine engineering 
and in 1927 joined Boulton and Paul, where he worked on the 
R.101 airship structure, going to Faireys shortly afterwards. In 
1947 he was appointed project engineer (later designer) for the 
Gannet. Mr. Scott served his apprenticeship with Blackburns in 
the mid-1920s and joined Faireys as a draughtsman in 1938. He 
was appointed assistant designer, responsible for Gannet equip- 
ment and armament installations, in 1950. 


Variety from Germany 


‘THE West German B1500, designed by Prof. Blume of Duisburg 
and built by Focke-Wulf, made its first flight, at Bremen, last 
month. A four-seater with a ry of 600 miles and top speed of 
150 m.p.h., it is powered by ycoming engine. Focke-Wulf- 
Blume are building under licence, for the Federal Republic, a 
training and liaison version of the Italian Piaggio P.149D. The 
P.149D is also Lycoming-powered and is not unlike the Blume 
— The German Air Force have ordered 190 from Focke- 

ulf. 

Also reported from Germany is a demonstration, at Diisseldorf, 
of the Multiphan RW-3, designed by Herr Falderbaum, an aero- 
batics expert. The report says that “one of the features of the 
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EXECUTIVES named 
in the Fairey 
re-appointments news 
item above: (left to 
right) Messrs. Hislop, 
Wakeford, Cowle, 
Spinks and Scott. 















aircraft is that with the aid of a screwdriver the wings can be 
elongated by about 50 centimetres at wing-tips, giving this two- 
seater aircraft gliding capabilities.” 

Finally, a news release from Berlin, dated March 28, announces 
that East Germany “has developed” her first gas turbine for air- 
craft propulsion. The unit is stated to be a turbojet of 6,300 Ib 
static thrust, and it will power the 60-passenger four-engined 
airliner at present under development in East Germany (Flight, 
July 27 and November 30, 1956). It is possible that this engine is 
based on a Russian design. 


Helicopter Blade-strength Discussed 


PROBLEMS associated with the strength assessment of heli- 
copter rotor blades were discussed at a meeting of the Helicop- 
ter Association in London on Friday last. The lecturer was Mr. 
V. A. B. Rogers, D.C.Ae., a member of the Fairey Aviation Com- 
pany’s helicopter design team. 

The paper summarized some of the work done by the rotary- 
wing section of Fairey’s Technical Office in connection with the 
design of the Jet Gyrodyne, the Ultra-Light and the Rotodyne. 
It comprised a comprehensive mathematical analysis of the static 
and dynamic factors affecting the fuselage and rotor system in 
various operating conditions and examined methods of calculating 
blade stresses in detail. 

It was emphasized that although theoretical calculation was of 
great value in the design ~— +3 could not be regarded as a sub- 
stitute for practical testing. were essential, and all estimates 
had to be checked by flight strain-gauging and by destruction 
testing of representative components in order to obtain reliable 
data from which the blade life of any particular helicopter could 
be determined. 
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THE DEFENCE STATEMENT 


“Carrier Group” Navy 


P.1 as the Last Fighter: 


ESSATION of work on fighters more advanced than the P.1, 
and on the development of a supersonic bomber, are out- 
standing points that emerge from the Government’s state- 

ment on defence,* presented on April 4 by the Minister of 
Defence, Mr. Duncan Sandys 

The implications of these decisions—which go further than many 
people in aviation expected—are discussed in a leading article in 
this issue. 

After beginning with a broad review of the new shape of things 
to come and the vital need to protect the country’s economic struc- 
ture, the White Paper goes on to say : — 

“The trend is towards the creation of integrated allied forces. 
Therefore, provided each member nation plays its fair part in the 
joint effort, it is not necessarily desirable that each should seek to 
contribute national forces which are by themselves self-sufficient 
and balanced in all respects. But whatever yardstick is taken, it 
is impossible to escape the conclusion that Britain has been bearing 
a disproportionately large share of the total burden of Western 
defence. Moreover, in assessing the value of her military effort, it 
must be remembered that, apart from the United States, Britain 
alone makes a contribution to the nuclear deterrent power upon 
which the peace of the world so largely rests. 

“It must be frankly recognized that there is at present no means 
of providing adequate protection for the people of this country 
against the consequences of an attack with nuclear weapons. 
Though, in the event of war, the fighter aircraft of the Royal Air 
Force would unquestionably be able to take a heavy toll of enemy 
bombers, a proportion would inevitably get through. Even if it 
were only a dozen, they could with megaton bombs inflict wide- 
spread devastation. This makes it more than ever clear that the 
overriding consideration in all military planning must be to prevent 
war rather than to prepare for it. 

“While comprehensive disarmament remains among the fore- 
most objectives of British foreign policy, it is unhappily true that, 
pending international agreement, the only existing safeguard 
against major aggression is the power to threaten retaliation with 
nuclear weapons. 


The Nuclear Deterrent 

“The free world is today mainly dependent for its protection 
upon the nuclear capacity of the United States. While Britain 
cannot by comparison make more than a modest contribution, there 
is a wide measure of agreement that she must possess an appre- 
ciable element of nuclear deterrent power of her own. British 
atomic bombs are already in steady production and the Royal Air 
Force holds a substantial number of them. A British megaton 
weapon has now been developed. This will shortly be tested and 
thereafter a stock will be manufactured. 

“The means of delivering these weapons is provided at present 
by medium bombers of the V-class, whose performance in speed 
and altitude is comparable to that of any bomber aircraft now in 
service in any other country. It is the intention that these should 
be supplemented by ballistic rockets. Agreement in principle has 
recently been reached with the United States Government for the 
supply of some medium-range missiles of this type. 

“Since peace so largely depends upon the deterrent fear of 
nuclear retaliation, it is essential that a would-be aggressor should 
not be allowed to think he could readily knock out the bomber 
bases in Britain before their aircraft could take off from them. 
The defence of the bomber airfields is therefore an essengial part 
of the deterrent and is a feasible task. A manned fighter force, 
smaller than at present but adequate for this limited purpose, will 
be maintained and will progressively be equipped with air-to-air 
guided missiles. Fighter aircraft will i in due course be replaced by 
a ground-to-air guided missile system.” 

Going on to review in detail the manner in which it is proposed 
to reduce Britain’s military contributions abroad, the Minister has 
this to say of the R.A.F. elements on the Continent: “The aircraft 
of the Second Tactical Air Force in Germany will be reduced to 
about half their present number by the end of March 1958. This 
reduction will be offset by the fact that some of the squadrons will 
be provided with atomic bombs. A similar reduction will be made 
in the light bomber force in England, which is assigned to NATO.” 

With reduction in size of garrisons and other British forces 
overseas, says Mr. Sandys, it is more than ever essential to be able 
to despatch reinforcements at short notice. With this object, a 
“Central Reserve” is to be maintained in the British Isles: “To be 
effective, the Central Reserve must possess the means of rapid 
mobility. For this purpose, a substantial fleet of transport aircraft 





* “Defence—Outline o Future Policy”: Published, price 9d, by Her 
Majesty’s Stationery Office. 


No Successors to V-Bombers : 


is being built up in R.A.F. Transport Command. This is at present 

mainly composed of Comet IIs, Beverley freighters and Hastings 
— t, to which a number of Britannias will later be added. These 

port resources of the R.A.F. would be supplemented, alien 

necessary, » by suitable civil aircraft and by naval and other vessels. 

es the land forces of the Central Reserve, additional mili- 

tary power can rapidly be provided by the Bomber, Fighter and 

Coastal Commands of the Royal Air Force.” 

The White Paper next turns to Naval air power: — 

“On account of its mobility, the Royal Navy, ae with the 
Royal Marines, provides another effective means of bringing power 
rapidly to bear in peacetime emergencies or limited hostilities. In 
modern conditions the réle of the aircraft carrier, which is in effect 
a mobile air station, becomes increasingly significant. 

“With this consideration in mind, it is proposed to base the 
main elements of the Royal Navy upon a small number of carrier 
groups, each composed of one aircraft carrier and a number of 
supporting ships. Apart from carriers, the number of large ships 
will be restricted to the minimum. The cruisers in the active fleet 
will be reduced and, in due course, replaced by the new ships of 
the Tiger Class, now under construction. Similarly, in the various 
categories of smaller vessels, the policy will be to rely on a reduced 
number of more modern ships, some of which will be equipped 
with guided missiles. A considerable number of ships now in 
reserve, including battleships, will be disposed of or scrapped. 

“It is the Government’s intention to maintain British naval 
— east of Suez at about its present level. One carrier group 

Il normally be stationed in the Indian Ocean.” 

Adee reviewing manpower requirements, and announcing that, 
unless voluntary recruitment fails, there will be no further National 
Service call-up after the end of 1960, the Minister says: “In 
the Royal Air Force, 127,000 other ranks, or about two-thirds of 
the present strength, are regulars. But some 31,000 of these are 
serving on three-year enga ts; and many of them would not 
have enlisted but for their liability for National Service. Neverthe- 
less, the recent improvement in its recruiting makes it reasonable 
to hope that the R.A.F. will be able to enlist enough regulars to 
meet the smaller numbers required under the revised plan.” 

Under the heading “Reserve Forces” it is stated that “Apart 
from the units of the Royal Auxiliary Air Force and the Royal 
Naval Volunteer Reserve which it has regretfully been found 
necessary to disband, the Naval and Air Force Reserves will be 
retained in their present réles, though they will have to be reduced, 
and, to some extent, reorganized to accord with the new plan.” 


The Aircraft Programme 

Next come the important passages that vitally affect the future 
of the aircraft industry. We quote them in full: — 

“If the weapons and equipment of the armed forces are to be 
kept up to date, an adequate effort on research and development 
must be continuously maintained. However, in view of the shortage 
of scientists and technicians in civil industry, it is important 
to restrict the military programme to those projects which sare 
absolutely essential. 

“A central feature of the defence plan is the maintenance of an 
effective deterrent High priority will therefore continue to be 
given to the development of British nuclear weapons suitable for 
delivery by manned bombers and ballistic rockets. Nuclear war- 
heads are also being evolved for defensive guided missiles. 

“The close co-operation with the United States over research on 
guided missiles and ballistic rockets, initiated under the agreement 
of 1953, has proved of mutual benefit to both countries and will be 
maintained and further developed. The agreement in principle for 
the supply of American rockets should result in savings of time 
and money, and will enable work to be concentrated upon more 
advanced types. 

“Having regard to the high performance and potentialities of the 

ulcan and Victor medium bombers and the likely progress of 
ballistic rockets and missile defence, the Government have decided 
not to go on with the development of a supersonic manned bomber, 
which could not be brought into service in much under ten years. 

“Work will proceed on the development of a ground-to-air 
missile defence s pa which will in due course replace the 
manned aircraft of Fighter Command. In view of the good pro- 
gress already made, the Government have come to the conclusion 
that the R.A.F. are unlikely to have a requirement for fighter air- 
craft of types more advanced than the supersonic P.1, and work on 
such projects will stop.” 

The defence pattern is to be re-shaped progressively over the 
next five years. For - a= fiscal pee eae | an overall saving of some 
£79m is en the 1956-57 net esti- 
mate of £1,499m and the S957. 38 58 estimate of £1,420m. 
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HERE 


AND 


THERE 


Redundant Carriers 

TWO of the Navy’s light aircraft carriers, 
Triumph (13,000 tons) and Perseus (12,000 
tons), are to be sold abroad or scrapped. 


Ceylon Bases Transfer 


IN Colombo last week the Prime Minister 
of Ceylon, Mr. S. W. R. D. Bandaranaike, 
said that the British air and Naval bases in 
Ceylon (at Katunayake and Trincomalee) 
would be formally handed over to the 
Ceylonese Government next November. 


Philatelic Flights 


SEVERAL stamps associated with early 
long-distance flights were sold at H. R. 
Harmer’s, the London philatelists, last 
week. One, a 60-cent black issued in 1927 
to commemorate the Marchese de Pinedo’s 
double Atlantic crossing, fetched £520; 
another, a used Newfoundland 3-cent 
stamp from the mail carried by Harry 
Hawker on his unsuccessful Atlantic flight 
in 1919, was sold for £450; and an unused 
block of four of a Mexican 1935 Amelia 
Earhart issue realized £300. 


Computation-piece 

A REPORT from the U.S.A. says that 
what is described as “a computer readout 
and intervention system,” making possible 
the introduction of human logic midway 
in a problem’s computation by an “elec- 
tronic brain,” is to be produced for the 
U.S.A.F. It will be the first application 
in commercial operating equipment of a 
concept developed at the Massachusetts 


CONVENTIONAL TAKE-OFF by the Short SC.1 research aircraft for its first flight, made at 
Boscombe Down by Tom Brooke-Smith (Short and Harland’s chief test pilot) on April 2. Only 
one of the five Rolls-Royce R.B. 108 turbojets gives thrust for forward flight, the others providing 
vertical lift; and the faired-in underside of the fuselage apparent in this picture suggests that 
they may have been replaced by ballast for the initial development flights preceding transla- 


tional and VTO tests. 


Institute of Technology “to facilitate the 
transmission of general ideas, as in a con- 
versation, between a human and a 
computer.” 


No Advertisement 


FOR the second time there was no quorum 
present when a Standing Committee of the 
House of Commons met on April 3 to con- 
sider the Aerial Advertising Bill, a private 
Member’s measure. The chairman ordered 
the clerk to put it at the bottom of the 
list of private Members’ bills. 


Metals Conference 


THIS year’s Spring Meeting of the Insti- 
tute of Metals will be a joint one, held in 
London from April 29 to May 3, with the 
Associazione Italiana di Metallurgia, Asso- 
ciation Suisse pour l’Essai des Matériaux 


KICKING UP A DUST: Blackburn Beverley D-dog of No. 47 Sqn., Transport Command, 
operating from Beihan airstrip near the Yemen border, makes a spectacular landing, confidently 
arrested (lower view) by the D.H. braking airscrews of its four Bristol Centaurus engines. 


Airborne for 15 min, the SC.1 made several circuits at about 2,000ft. 


and the Société Suisse des Constructeurs 
des Machines. Members of the Iron and 
Steel Institute are also being invited to take 
part and there is to be an extension of the 
meeting for members of the Italian and 
Swiss associations from May 4 to May 8, 
when factories in the provinces will be 
visited. 


Dutch Missiles 

GUIDED missiles—of American manu- 
facture, but of a type so far unspecified— 
are shortly to form part of the equipment 
of the Royal Netherlands Army. 


Sea Slug— 

AT a Mansion House dinner last week the 
U.S. Chief of Naval Operations, Admiral 
Arleigh Burke, referred to a British surface- 
to-air guided missile, the Sea Slug, about 
which he said the U.S. Navy had “heard 
encouraging reports.” This weapon had 
not so far been named here and the 
Admiralty and Ministry of Supply have 
not yet officially confirmed its existence. 


—and Ding Dong 


SINCE 1954 or earlier, Douglas Aircraft 
and other firms have been developing 


Ding-Dong, the “ultimate” air-to-air 
missile. Exceptionally large and long- 
ranged, it has a nuclear warhead and is 
therefore lethal at a considerable radius 
from its target. It is now learned that the 
missile bears the designation ZMB-1, and 
that it will form the primary armament of 
the Convair F-106A, the McDonnell 
F-101B and Northrop F-89J intercepters. 
Each machine will carry two Ding-Dongs, 
as well as a number of the small GAR-1 
Falcon missiles. 


Expert Opinion 

SOME reasons for the delay in British 
guided-missile development were given by 
Sir Owen Wansbrough-Jones, Chief Scien- 
tist at the Ministry of Supply, and Dr. 
Robert Cockburn, M.o.S. Controller of 
Guided Weapons and Electronics, when 
they spoke to the Parliamentary and Scien- 
tific Committee last week. Dr. Cockburn 
said that although it would have been pos- 
sible to have re-equipped all three Services 
by now with guided weapons, the Govern- 
ment had been well advised to hold its 
hand while more rigorous methods of con- 
trol and guidance were being developed. 
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The Guild’s First 
Livery Banquet 


Air Pilots and Navigators, now a City 


Company, have Memorable Evening 


Prince Philip presents the Derry and Richards 
Medal to S/L. J. S. Fifield of Martin-Baker. 


VIATORS everywhere may feel pride that the City of 

London has granted Livery to “The Worshipful Guild of 

Air Pilots and Air Navigators.” The Guild’s first banquet 
in its new status—held at the Mansion House, London, on 
Wednesday of last week—was a splendid occasion. The atmos- 
phere was one of dignified informality, and the presence and 
personality of the Grand Master, Prince Philip, truly made the 
evening. In particular, his speech in reply to the toast of the 
Guild delighted everyone. 

Official guests were not numerous, but they were all well known 
to its members and in most cases were closely concerned with 
aviation and the activities of the Guild. At the Grand Master’s 
right hand was the Lord Mayor, Col. Sir Cullum Welch, whose 
hospitality had permitted the use of the Egyptian Hall for the 
banquet. On the Prince’s left hand was the Master, Mr. J. 
Lankester Parker. Members of the Government, several of whom 
were accompanied by their wives, included Mr. George Ward, 
Secretary of State for Air; Mr. Harold Watkinson, Minister of 
Transport and Civil Aviation; Mr. C. I. Orr-Ewing, Parlia- 
mentary Under-Secretary of State for Air; and Mr. A. M. S. 
Neave, Parliamentary Secretary to the Minister of Transport 
and Civil Aviation. The Royal Air Force was represented by the 
Chief of the Air Staff, Air Chief Marshal Sir Dermot Boyle, 
accompanied by Lady Boyle. Sir Cuthbert Ackroyd who was Lord 
Mayor when the Guild was granted Livery, and is thus a special 
friend of the company, was among the City dignitaries. 

The immediate Past Master, Capt. J. C. Harrington, rightly 
confined the toast of “The Lord Mayor, Corporation and Sheriffs” 
to essentials—there were several speakers to follow him, and long 
discourses are out of place when ladies are present. 

Sir Cullum Welch replied briefly and wittily. He had won- 
dered what single craft or collection of ancient companies in the 
City might be the forerunners of the air Pilots: was it, perhaps, 
the Fanmakers, the Upholders, or the Basketmakers? 

Mr. Harold Watkiason proposed “The Guild” in a most com- 
petent speech. “The beginnings of the City Livery companies,” 
he said, “are to be found in the ancient craft guilds of medizval 
times. Often in those days the craft was in name and in truth a 
‘mystery’. Sometimes they remain so today.” He went on to 
describe the Guild of Air Pilots as a refreshing innovation, adding 
“As well as a new craft, you have now brought a new mystery in 
the most literal sense of the word to this ancient city. Who can 
fly in a Comet at above 40,000ft without sensing in the deep blue 
of the sky the mystery of the upper atmosphere? And who can 
sit in the cockpit of any modern aircraft without being conscious 
that air piloting and navigating form a highly skilled craft?” 


The Minister continued: “It is commonplace to talk about the 
developments in atomic science, the breaking of sound barriers, 
the exploration of outer space. In fact, it has all become so 
commonplace that I sometimes wonder if we make an alsa 
attempt to appreciate what it will mean to each one of us. Cer- 
tainly an outsider might wonder today, judging by so many of our 
actions, whether this country really wants to enter the new age at 
all. For it is not an age of material things alone, but one that 
will call for new attitudes in our lives and in our work. Too 
many people in recent weeks have merely seemed to want to fight 
again the old bitter battles that should have been long ago 
decided; to subordinate the national interest to that of narrow 
sectional advantage. We shall not meet the challenge of the second 
half of the 20th century like this. New machines, new methods 
and new materials tend to abase rather than uplift their possessors 
unless they are matched by a new approach to national problems. 

“Unless we succeed in crossing the threshold of this new age 
and of finding how to live successfully and profitably in it, then 
we have little or no future to look forward to. We can only con- 
sume to the extent that we produce and we can only live at the 
standard that we earn in a competitive world.” 

Mentioning that members of the Guild now totalled over 
900, and that their organization had “a most important function to 
perform in this new and expanding industry of civil aviation,” 
the Minister congratulated them on ming a Livery Com ny 
adding an expression of “my Méinistry’s appreciation o 
advice and help which the Guild has given to us on many A. 
sions.” Finally, speaking of the part which he himself had to 
play, Mr. Watkinson said “I am determined to see that our 
technical equipment is modernized and enlarged at a sufficient 
rate to cope with steadily increasing traffic, so that in safety and 
amenity we lead the rest of the world.” 

Prince Philip, as Grand Master, replied to this toast of “The 
Guild”. As we have said, his speech was a thoroughly entertain- 
ing one, though phrased for Guild rather than for public con- 
sumption (“as aircraft get bigger and faster the man who sits in the 
little cabin out front and drives is becoming more important”). 

The Master, Mr. Lankester Parker, having proposed “The 
Guests,” with Sir Dermot Boyle replying, Prince Philip pre- 
sented the Guild’s trophies and awards, as follows :— 

Johnston Memorial Trophy to Capt. J. H. Saffery and the pilots and 
navigators of Hunting Aerosurveys on Antarctic expeditions; Cumber- 
batch Trophy to Captains W. B. Caldwell and E. W. Jordan, and flying 
staff, British European Airways Channel ‘slands services; and 
and Richards Memorial Medal to S/L. J. S. Fifield, test pilot to the 
Martin-Baker Aircraft Co., Ltd. (Details of these awards were given 
on p. 295 of Flight for March 8). 


DE HAVILLAND PROGRESS 


QTEADY progress throughout the de Havilland group of com- 
panies during the period 1956-57 is shown in the directors’ 
report and chairman’s address, circulated to shareholders in 
advance of the annual general meeting of de Havilland Holdings, 
Ltd., to be held at Hatfield on April 26. 

After reviewing the financial results (summarized in these 
columns last week) the chairman and managing director, Mr. W. E. 
Nixon, goes on to record the activities of the various units, begin- 
ning with the de Havilland Aircraft Co., Ltd., and referring inter 
alia to the D.H. 110 Sea Vixen and to Capital Airlines’ order for 
four Comet 4s for delivery in the latter part of 1958 and ten 4As 
for delivery in the second half of 1959. 

Following a reference to the installation of Super Sprite rocket 
motors as take-off aids for the Vickers-Armstrongs Valiant, given 
in the section of the report dealing with the de Havilland Engine 
Company, the report says that “more advanced” rocket engines in 

“two forms, for take off and for flight” are now entering the 
production stage “for installation, in their respective categories, 


in a new generation of military aircraft.” Other notes in the sec- 
tion devoted to the Engine Company refer to progress with the 
Gyron and Gyron Junior and with the Spectre rocket motor, flight 
trials of which began early this year. 

Of the Propelier Company Mr. Nixon says that more new pro- 
peller installations are under development than has been the case 
for a number of years past. He goes on to refer to the company’s 
missile work, in the following terms: “I am pleased to be able to 
report that our Propeller Company has made satisfactory progress 
in the development of the special type of guided weapon entrusted 
to us. A large part of our resources is being applied in every 
department for this major project, and our establishments are 
now well prepared for the flow of production, in phase with tech- 
nical advancement, to meet the orders placed with us. 

The manufacture of guided weapons demands high-precision 
machine tools and test equipment of new and elaborate design, 
housed in special — and operated by trained personnel 
under exacting conditions. . 
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A SURPLUS FOR BOTH CORPORATIONS 


ALTHOUGH as we go to press no detailed figures have been 
announced, it is known that both B.O.A.C. and B.E.A. have 
ended their financial years (on March 31) with a small surplus. 
It had been expected that B.O.A.C. would make a considerable 
loss, and that B.E.A. also might be hard put to it to make a profit. 
An unexpectedly big increase in traffic revenue—134 per cent— 
appears to have contributed to B.O.A. C.’s result, together with an 
increase in capacity of eight per cent. 

As in the past, provisional details of each Corporation’s trading 
should be released within the next few weeks, pending publication 
of the full reports and accounts later in the summer. 


EUROPEAN AND ATLANTIC FARE INCREASES 


‘THe case for higher fares is easy to argue these days: rising 
costs are a universal disease of commerce and their harmful 
effect on profitable trading is only too easily relieved by passing 
them on to the customer. 

The news that I.A.T.A. has decided to seek approval for 
increases of up to five per cent in transatlantic and intra-European 
fares will be received with some surprise, for the decision goes 
against the trend of I.A.T.A. fares policy. Yet governments will 
find the airlines’ arguments for an increase (which they want to 
introduce on May 1) difficult to contest. Sir William Hildred, 
1.A.T.A.’s director-general, points out: “For ten years during 
which most other prices, including those of other transport and 
communications services, have risen, we have managed to with- 
stand inflation by improving operating efficiency and by keeping 
fares down to attract an expanding market. This time, however, 
— has finally caught up with us.” 

A.T.A.’s move follows that of the leading American domestic 
BP - -; who are seeking C.A.B. approval for six per cent domestic- 
fare increases. 


SOUTHEND ILLUMINATIONS 


TH steady growth of Southend Airport, the year-by-year 
development of which is shown in the graph (right), has pro- 
moted the airfield to a position where it is being seriously con- 
sidered as an alternative for London Airport. It is already K.L.M.’s 
main diversion airfield for London. Largely clear of London’s 
industrial smoke, linked to the capital by a newly electrified 
railway, Claimed to be quicker of access from London both by car 
and train than is London Airport, and served by the new airways 
Red One and Green One, Southend can be expected to maintain 
its , rate of progress. 

¢ runways—an addition of the past two years—should be 
adequate for aircraft of Vanguard size, and the airport management 
considers that a peak of 30 movements (3,000 passengers) an hour 
could eventually be handled. Further extensions both to the apron 
and to the terminal buildings would be required to absorb expan- 
sion of this order; but under consideration is a scheme for a 
completely new terminal on the east side of the airport which 
would be directly served by the London-Southend railway. 

A recent major extension to Southend’s facilities—and one of 
great importance to its continued growth—is the newly installed 
airport lighting system, a £9,000 enterprise carried through with 
considerable enthusiasm by the General Electric Co., Ltd., the 
airport management, the Southend Corporation, and by the instal- 
lation contractors. Sufficient flying has already been done with 
the new system—which is of the simplified Calvert line-and-cross- 
bar type, complying with the standards recommended by I.C.A.O. 
Annex 14—to show that a most useful reduction in minima is 
available to pilots using the two runways. 

Sighted 062-04 and 15-33, each of the two runways has a single 
row of elevated lights, spaced at intervals of 200ft to mark the 
side boundary, and a row of five green threshold lights and angle- 
of-approach indicators at each end. Spaced out from the threshold 


















G.E.C. approach lighting on the 06-24 runway at Southend. The 
cross-bar illustrated is situated 1,000ft from the runway threshold; 





Speculation about 
S.A.S. interest in 
the Britannia was 
renewed - 
the president, Mr. 
H. Throne-Holst 
(right), _ visited 
Bristol recently. 
Sir Reginald Ver- 
don Smith, his 
host, is seen here 
with a map of the 
Bristol area dur- 
ing a flight in the 
Britannia. 





of the longer runway, the 5,265ft by 120ft 06-24 has 19 direc- 
tional high-intensity approach lights at 200ft intervals and a single 
t 


10-light cross-bar 100ft in length at a distance of 1,000ft. A feature 
of the system is that the lighting intensity can be controlled in 
three stages of brightness, depending upon visibility. All control 
is carried out in the control tower, where runway, taxiway and 
other lighting aids in various combinations can be selected. 
Another approach aid recently added is a high-intensity rotating 
location-beacon visible up to 30 miles away. 

The blue taxiway “glim” lights are of particular interest; as an 
experiment, yellow lights were adopted on the outside radius of 
turns in the taxi track, thus making night taxying a considerably 
less confusing process. 

Flight recently sampled the new lighting system, and a circuit 
in rather misty weather indicated that it should be entirely 
adequate. Additional cross-bars are unlikely to be mecessary 
except for big aircraft flying unusually large circuits. Certainly 
the beacon, runway and taxiway lighting pattern—even from the 
restricted view of a single-engined aircraft—was pleasantly un- 
ambiguous. 
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The mounting intensity of operations at Southend Airport: eventual 
peak traffic-flows of up to 3,000 passengers an hour are envisaged. 


VTOL PROPHECIES 


ECENT statements on high-lift devices by senior engineers of 
the “big four” American transport aircraft manufacturers— 
Boeing, Douglas, Lockheed and Convair—have been critical of 
expectations that runway requirement might be reduced by such 
means. Their collective opinion is that help from these devices is 
“a long way off.” They point out that although shorter take-offs 
for given weights anid certainly be accomplished, it would be at 
the expense of range or payload; and the weight increase necessary 
to regain the loss would result in a reversion to the original runway 
requirement at an increased opera’ cost. 
ther of their points is that the increased lift obtained from 
boundary-layer control and super-circulation systems shows to less 


brightness can be controlled from the tower. 







PS ee OS as PO eer 


























CIVIL AVIATION .. 


advantage when compared with the efficient double-slotted flaps 
of the jet transports; and ground-proximity effects mean that wind 
tunnel results cannot be fully exploited. 

It is the manufacturers’ view that the economic use of high-lift 
devices would be to increase take-off weight rather than reduce 
field length; runway requirement rather than flight performance is 
the limitation, but such developments might be used to maintain 

“realistic” take-off distances. 


THE HOUSE DEBATES CREW FATIGUE 


MOTION by Mr. Frank Beswick (Lab., Uxbridge)—that 

the Air Navigation Order regulating aircrew duties should 
be annulled—was debated in the Conmnane last week, but finally 
withdrawn in view of assurances given by Mr. Harold Watkin- 
son, Minister of Transport and Civil Aviation, that he would look 
into various “disquieting” aspects of the order. 

These aspects have been aired in these columns on more than 
one occasion recently, but certain points made in the House, both 
by members and the Minister, are worthy of record. 

Mr. Beswick hoped that the Minister would regard the problem 
as one which would not be solved by the Order, “but which 
will require hard and detailed continuous study.” It would, he 
said, be a question of “getting the spirit right” as well as the 
actual flight-time limitation figures. A. Cdre. Harvey (Con., 
Macclesfield) said that the Order must be kept sufficiently flexible 
not to hamper crews in carrying out their duties. It could, he 
said, be looked upon as “a cockshy,” to be revised as science pro- 
gressed. Mr. Ian Mikardo (Lab., Reading) felt that the Minister 
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Further progress at Boeing Seattle with 707 production is exhibited by 

this fuselage section of the first PanAm aeroplane. Heavy reinforce- 

ment of the “perforated-line” window cut-outs is apparent in the 
original photograph. 


and his advisers had been a little “know-all” in the framing of 
the Order, and he was not sure that the Minister had seized all 
ee — open to him of making use of available expert 
nowled 
Mr. Watkinson said that he would study suggestions that a 
“fatigue board” should be instituted, though he wanted to avoid 
what he termed “over-policing” of the regulations. 


AMERICAN “ANTI-VISCOUNT CAMPAIGN” 


‘THE president of Capital Airlines, Mr. J. H. Carmichael, speak- 
ing at a luncheon in New York during the National Aeronautics 
meeting of the S.A.E., referred to a “vicious and unethical” 
campaign being waged in the U.S.A. against the Viscount. He 
did not identify the sources of the attacks, but declared that they 
had been carried on since Capital first introduced the aircraft in 
June 1955. The four main charges were that the wing was 
not as strong as on American airliners; that the Viscount lacked 
range; that it was not dependable for bad-weather operations; and 
that it was pelle met “Detractors have gone so far as to use 
airliner public-address systems to criticize the Viscount to passen- 
gers during flight,” Mr. Carmichael said. He went on to refute 
the charges, incidentally remarking that the competitors who had 
made the “weak wing” charge dropped it after finding that they 
had to ground their own aircraft because of cracked spars. 


BOEING ANNOUNCE THE 717 MEDIUM JET 


[8 the annual report of the Boeing Airplane Company, published 
on March 28, reference is made to a new um-range jet 
transport designated Boeing 717. No details are given, except 
that it is a “lighter-weight” member of the 707 family “in which 
are included four 707 versions.” These 707s are of course the 
-120 (J57 domestic); the -220 (J75 domestic “hot rod”); the 
-320 (J75 intercontinental) and the -420 (Conway intercon- 
tinental). There is also a Conway-powered -520 which bears 
the same shorter-fuselage relationship to the -420 as does the -220 
to the -120. 

Reference has been made also to an -020 variant, weighing 
190,000 Ib and also intended for medium-range operations. It is 
probable that the 717 bears a closer relationship to that project 
than it does to the short-haul 110,000 Ib 727 (J54s) which Boeing 
are known to have been offering. It may well be that the 717 is 
intended as a rival for the Convair 880; it is significant that 
Cubana are reported to be considering dropping their option on 
two Boeing 707s in preference to Convair 880s. 


NEW EXECUTIVE-JET CONTENDERS 


‘THE McDonnell Aircraft Corporation has applied for certifi- 
cation of the Model 119, a Bagong og per jet transport” which 
appears to conform in specification to the Lockh ced GL- 135 and 
Fairchild M-185 four-jet transport projects now Sie built for 
the U.S.A.F. : 

An entry for the twin-jet U.S.A.F. specification—so far not 
tendered for—comes from North American, who have applied to 
the C.A.A. for certification of a project which they have 
designated NA-246. 


BREVITIES 


The Queen and Prince Philip flew by B.B.A. Viscount to Paris 

last Monday for their four-day State visit to France. 
* .- * 

B.E.A. has decided not to exercise the option which it holds on 
seven Viscount 810s. 

* * 

Two more Latin American airlines—Avensa of Venezuela and 
Trans Mar de Cortes of Mexico—are reported to have ordered 
Friendships from Fairchild. 

* * * 

It is understood that Varig have changed their order for two 
Lockheed L.1649As and substituted two L.1049Gs to add to 
their Brazilian fleet of three. 2 

The Minister of meets and Civil Aviation has appointed 
Air Marshal Sir Charles Guest as his chief aeronautical adviser 
and as chairman of the Air Safety Board. He succeeds Air Chief 
Marshal Sir Frederick Bowhill, who is retiring. 


An unusual, if not unique, load for a York was this Autair-owned 

Bell 47G-2 which Hunting-Clan recently ferried to Nairobi with only 

the rotor dismantled. After demonstrations, it is being operated by a 
Northern Rhodesia copper mine. 
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SERVICE 


Command Changes 


‘THE Air Ministry announced last Mon- 
day that the Queen had approved the 
appointment of Air Marshal the Earl of 
Bandon as Commander-in-Chief, Far East 
Air Force, from July in place of Air 
Marshal Sir Francis Fressanges, who is 
retiring from the R.A.F.; and of A.V-M. 
John Humphrey Edwardes Jones as Com- 
mander-in-Chief, the Second Tactical Air 
Force, from June with the acting rank of 
air marshal. (The latter appointment in- 
cludes the NATO post of Commander, 
Second Allied Tactical Air Force.) 

Air Marshal the Earl of Bandon has been 
C-in-C., 2nd T-.A.F., since December 
1955 and was previously Assistant Chief 
of Air Staff (Training) from October 1953. 
A.V-M. Jones has been Commandant of 
the School of Land-Air Warfare, Old 
Sarum, Wilts, since August 1955 and was 
previously S.A.S.0., 2nd T.A.F., from 
March 1952. 


White Paper Implications 


N a statement issued to all R.A.F. 
stations as guidance on the implications 
of the Defence White Paper, the Air Minis- 
try says that officers, N.C.O.s and their 
wives and families should not draw con- 
clusions “not justified by the facts.” 
Reduction in strength would be carried 
out under a plan taking “several years” to 
complete and be achieved “in the main” by 
running-down national service strengths; 
the “natural decrease” of numbers serving 
on shorter regular engagements; and the 
“normal outflow” of officers and others. It 
was “reasonable to believe,” the statement 
adds, that the problem of redundancy 
“could be kept within reasonable propor- 
tions.” 


U.S.A.F. Hand Back Bases 


O R.ALF. stations in the north-west 

of England which have been used by 
the U.S.A.F. are to be handed back to Air 
Ministry control at the end of June. One 
is Sealand, Flintshire, where Americans 
have been based since 1951, and the other 
Cranage, Cheshire, which they have been 
using for just over two years. There are 
about 800 U.S. Servicemen and 600 British 
civilian employees at Sealand, comparable 
figures for Cranage being 500 and 100. 


Royal Appointments 


ON April 2 the London Gazette 
announced that the Queen had 
approved the appointment of G/C. 
J. M. Birkin as Aide-de-Camp in suc- 
cession to A. Cdre. Finlay Crerar. 

G/C. Birkin, who has been Inspector 
of the R.Aux.A.F. since January 1952, 
joined the R.A.F.V.R. in 1938 and had a 
distinguished record of service in the 
Second World War. From 1942—in which 
year he was awarded the A.F.C.—to 1943 
he was a flying instructor at the Empire 
Central Flying School. Early in 1944 he 
was appointed to command No. 1409 Met. 


This Fairey Gannet A.S.1. of No. 820 (F.A.A.) 
Sqn.—based at R.N.A.S. Eglinton, N.1., and 
known from their markings as “The Spangiles” 
—makes a sturdy study with Bineyenagh (in 
F.A.A. parlance, “Ben Twitch”) as impressive 
but formidable background. 
“Flight” photograph 


Royal Air Force and Fleet Air Arm News 


AVIATION 


A Chinese fisherman, Goh Ah Heng (second 
from left), who led the rescue of the crew of 
a Lincoln from No. 1 (R.A.A.F.) Sqn. after it 
had crashed near Pontain Kechil, Malaya, on 
January 9 being presented by the c.o., W/C. 
K. Robertson, with a plaque of the squadron 
crest. Also seen (I. to r.) are a police 
interpreter; S/L. E. Goldner, captain of the 
Lincoln; and F/Sgt. J. Sandys, signaller. 


Flight in No. 8 Pathfinder Group and, 
later that year, he formed and commanded 
No. 571 Pathfinder Sqn. For his leadership 
and gallantry, he was awarded the D.F.C. 
in September 1944 and the D.S.O. the fol- 
lowing month. 

In the same issue of the London Gazette 
it was announced that the Queen had 
approved the appointment of A. Cdre. 
G. W. McAleer as an Honorary Physician 
in succession to Air Marshal Sir James 
Kilpatrick, on the latter’s retirement from 
the R.A.P. 

A. Cdre. McAleer has been Principal 
Medical Officer of the Far East Air Force 
since June 1956, and before that was 
P.M.O. at Maintenance Command from 
the end of 1951. 


R.A.F. Postings 


‘THE following continues a list of Royal 
Air Force appointments issued periodic- 
ally b and the Air Ministry :— 

G. C. Allen to H.Q., AAFCE, for staff 
deans G/C. A. A. Saw to H.Q., No. 2 Group, 
for technical staff duties; G/C. P. H. Cribb to 
R.A.F. Oldenburg, to command; G/C. W. I. C. 
Inness to H.Q., Allied Forces, Mediterranean, 
for air staff duties; G/C. N. C. Walker to Air 
Ministry for duty in the Department of the Air 
Member for Supply and Organization; G/C. 
A. Foden to Air Ministry for duty in the 
Department of the Chief of Air Staff. 

W/C. E. B. Loftus to A.H.Q., Malta, for 
technical staff duties; W/C. S. P. Austin to 
AFCE, for staff duties; W/C. W. G. Craddock 
to Ministry of Supply; W/C. W. Cunnliffe to 
R.A.F. Syerston for technical duties; W/C. E. 
J. B. Brown to H.Q. A.A.F.C.E.; W/C. C. V. 
Stammers to Ministry of Supply; Acting W/C. 
J. F. Ratcliffe to R.A.F. Geilenkirchen, for 
























technical duties; W/C. J. T. Lowe to Air 
Ministry, for duty in the Department of the 
Air Member for Personnel, with acting rank 
of group captain; W/C. F. E. Evans to H.Q., 
Technical Training Command, for adminis- 
trative staff duties; W/C. C. S. W. Harte to 
Air Ministry for duty in the Department of 
the Air Member for Supply and Organization. 

S/L. T. U. Dunn to H.Q., M.E.A.F., for 
technical staff duties, with acting rank of wing 
commander. 


Reunion 

HE twelth annual reunion of the Head- 

quarters Bomber Command Association 
of Officers is being held at H.Q., Bomber 
Command, R.A.F. High Wycombe, 
Bucks, on Saturday, May 18. Any mem- 
ber who has not received details can obtain 
them by applying to G/C. F. W. Wiseman- 
Clarke, hon. secretary, at the above 
address. 


IN BRIEF 


By defeating the Army 1-0 at Uxbridge 
on April 3 the R.A.F. became inter-Ser- 
vices hockey champions, having previously 
beaten the Royal Navy. 


* * * * 


Three P2V Neptunes returned to Aus- 
tralia on April 4 after completing the first 
round-the-world goodwill flight under- 
taken by the R.A.A.F., during which they 
covered 30,000 miles in 43 days. 

































Rewer ee Ti 2 aecerrh 


Siva 


470 


FLIGHT, 12 April 1957 


CORRESPONDENCE 


The Editor of “Flight” is not necessarily in agreement with the views expressed by correspondents in these columns; 


the names and 


Commemorating a Birthday 

From the Rt. Hon. Viscount Thurso, K.T., C.M.G., LL.D., J.P. 

Monpay, April 1, was the Birthday of the Royal Air Force. 
The Service, now predominant in our national defence, was 

constituted on April 1, 1918. 

As Air Minister during World War 2, I can affirm that the 
establishment of the R.A.F. 39 years ago today was an act which 
in fullness of time was to save this country from destruction. 

May I, therefore, appeal to gone readers to give a birthday 
present in gratitude for our deliverance in 1940 and the years 
that followed? As honorary treasurer of the Royal Air Force 
Benevolent Fund, which exists for relief of distress among past 
and present members of the R.A.F., W.R.A.F., their families and 
dependants, I would ask all to give whatever they can afford to 
enable this Fund (which has spent nearly £7 million since the end 
of the war) to continue its helpful and constructive work. 

By this birthday gift, we shall not only express our gratitude to 
the R.A.F. but, in the words of the Bishop of Lincoln, preaching 
in Westminster Abbey, we shall be giving thanks “for the valour 
and spirit of great souls who would never yield to evil things.” 

The birthday of the R.A.F. will be celebrated by the second 
Anniversary Concert, to be given in London on April 13. Those 
who cannot be in London to join in this homage may care to 
express their gratitude by a donation to the Fund. 

London, W.1. THURSO. 


The Army’s Light Aircraft 


TH recent announcement that the Army is to be allowed to 
exercise complete control and ownership of A.O.P. liaison and 
similar “field” aircraft will no doubt be welcomed by tactical- 
force commanders. However, the decision to restrict those air- 
craft types to 4,000 Ib a.u.w. is unrealistic, because it will exclude 
many of the types referred to in your leading article, “Service 
Airlift,” of March 29. 

The a.u.w. limitation idea savours of the feud between the 
U.S.A. and the U.S. Army. 

Admittedly, there has to be some limitation to prevent the 
wasteful duplication of military effort and the growth of “private” 
air forces. Therefore, why not base the limitation on complexity? 
If that is done the Army would not be prevented from adopting 
a 100,000-lb machine provided it could be flown by one man 
after 50 hours’ dual and did not need extensive navigation aids or 
interfere with R.A.F. operations. 

It should be noted that the R.A.F. is not subject to a ship 
limitation—some R.A.F. vessels are of 1,000 tons’ displacement 
—or the Royal Navy to an aircraft a.u.w. limitation which would 
prohibit the use of aircraft of 70,000 Ib a.u.w. such as the 


Skywarrior. 
ndon, N.W.2. L. F. E. Coomss. 


“Refugee Airliners” 


Your correspondent Hans Kofoed of Denmark asks news of 
the late Captain Harald Hansen, former chief pilot of D.D.L., 
when in command of OY-DAM in England after the German 
invasion of Northern Europe. 

When Captain Hansen, with his crew, found himself by hazard 
of war in this country with his Condor aircraft, I was administra- 
tion director of B.O.A.C., and, as such, was charged with making 
provision for their employment by the Corporation. I was, more- 
over, instructed that Captain Hansen should receive,terms in 
B.O.A.C. appropriate to his seniority in D.D.L. 

He later transferred to the Air Transport Auxiliary, in whose 
service he lost his life tragically, dying from injuries two days 
after his aircraft had been in collision, at an aerodrome in 
Oxfordshire, with another making an ae landing 

His funeral service took place on July 29, 1941, in the Bristol 
Crematorium at Arnos Vale. The service ‘was conducted by a 
Danish Minister, whose attendance was secured by kindness of 
the Danish Consul in Bristol. Captain Hansen’s ashes were pre- 
served for return to Denmark as soon as this became feasible. 

London, W.1. A. J. Quin-HarkIn. 


Two letters in your issue of March 15 refer to the Focke- 
Wulf Condor DX.177 and its last pilot, Captain Hansen. In 
my book Brief Glory, the story of A.T.A., the following para- 

graphs a 

Orne lon 2 Saturday afternoon in 1941 a strange four-engined 
machine appeared over White Waltham escorted by a number of fighter 
planes. It circled, touched down, and came to a standstill, while the 
escort, their mission finished, disappeared from sight. 

“The whole station crowded round to examine the airliner, a German 
Focke-Wulf-Condor, brought in by its peace-time pilot, the Danish 
Captain Harald Hansen. At the outbreak of war, while on his regular 
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untry, it over to British Airways at Croydon. No use had 
bona made of the aircraft until it was decided to offer it to A.T.A. for 
the training of ferry pilots on four-engined ty; 
to the difficulty of maintenance it was never used by the 
Training School, but Captain Hansen remained on the spot. After 
about three weeks he got permission from Fighter Command to test- 
fly the machine. As it was an enemy type, to avoid any risk of it being 
attacked the flight was restricted to one hour, within a radius of five 
miles of the aerodrome. 

“At four o’clock the weather was fine, but there was a hea thunder- 
storm coming up. The pilot decided, however, that it would not cross 
the flight area and took off. 

“Having satisfied himself that all was well with the aircraft he headed 
for White Waltham, but ran into the now severe thunderstorm. The 
time limit for his flight was almost up, and Captain Hansen descended to 
300ft and, after circling oace, made a no landing. He applied his 
brakes, but found that they were not responding. Either owing to the 
-s “re or to a mechanical failure of the brakes the German airliner 

ied towards the boundary hedge. It still might have been brought 
oa a standstill without much damage, but the pilot had the bad luck 
to strike a grass-cutting machine and some defence trenches, and the 
Condor was so badly damaged as to make repair uneconomical. 

“Hansen was heartbroken at the catastrophe. For a week or two 
he had to remain at White Waltham while the various inquiries were 
made. He was then taken on to the strength of A.T.A. and posted 
to their Whitchurch pool as a ferry pilot. 

“Less than three weeks afterwards Captain Hansen was killed in a 
flying accident while delivering an aircraft a A A.T.A.” 

Ruislip, Middlesex. C. CHEESMAN, 

Rditns, B.E.A. Magazine. 


No. 1341 Flight 

AS an ex-member of No. 1341 Special Duty Flight, it surprised 
me to read in “Below Squadron Status,” Pt. 2 (March 1) that 

Singapore was its final destination. I was aircrew, and with it 

from the time of formation (at Abingdon), and as far as I knew 

we broke up at Raipur, in India, since that was where we left our 

Halifax Mk. 3As. 

The crews of 1341 Flight were made up at No. 10 O.T.U., 
Abingdon, flying Whitleys. From there we moved to Stanton 
Harcourt, which was the satellite, and later back to Abingdon, 
then to aircrew school at Acaster Malbis and ly to 
No. 1658 H.C.U. at Riccall, where we started flying Halifaxes. 

Our next posting was to No. 12 Ferry Unit, Melton Mowbray, 
where we received brand new aircraft. These we flew out to 
Allahabad where we left them, as to the aircrew pool at 
Poona and then back to 

Digri, in the Bengal Plains, or our next destination, for seven 
months, and we went from there to Raipur, where we were split 
up, some of us going to Madras, but most being posted to 
aor hotograph [unf el ble f 

am enclosing a P oe sey ‘ortunately not suitable for 


ee ae “A” PN369, on which I was mid- 
per gunner. It was taken at Raipur. 
“Ton Bristol. ANTHONY C. CousINs. 





FORTHCOMING EVENTS 


Apr. 13-14. Plymouth Aero Club: lower Air Rally, Roborough. 
Apr. 16. R.Ae.S.: Section Lecture: “Simulation 1 9 in Aero- 
nautics,” _by . J. J. Foody, , Grod.R. R.Ae.S., and R A. Paul. 


Apr. 17. R.Ae.S.: 
Prospects in Air Transport,’ by P. G. ‘Masefield, M.A, 
(Eng.), F.R.Ae.S. 





Apr. 29- 
May 4. Institute of Metals: Spring Meeting 
Apr. 30. R.Ae.S.: Section Lecture: “Purpose and Problems of 
Research Aircraft,” by F. P. Youens, A.F.R.Ae.S. 
May 4. British Interplanetary Society: Film Show. 
May 4-5. Aero-Club des Greves du Mont Saint-Michel: Second 
eta Rally, Avranches Aerodrome 
May 9. R.Ae.S.: First TT eg Memorial Lecture, 
by Dr. Me we Karman, Hon.F.R.Ae.S 
May 10. Helicopter Associat - Pig Helicopter Op Gpgegtene in 
Sater.” 7, by W/C. W. R. Williams, 
ion Lecture: “New Techniques in ,_ 
ture,” ine w. oe Baker, Grad.R.Ae. 
May 15. R.Ae.S.: 1) — and Students Section: “Guided Weapon 
Research and Development,” by W. tephens. 
mov oo British FAW Society: Ais “al "proins Trust. 
y 


June 2. Paris Aero Show, Le Bourget. 
Sept. 2-8. S.B.A.C. Show, Farnborough. 
R.Ae.S. Brench Fixtures (to April 24): 

Apr. 16, Belfast, Annual General Meeting. Apr. 17, Coventry, 
Annual General Meeting and Film Show; Preston, Annual General 
Meeting and Film Lo — — General Meeting. , A Lat 
. h, Annual Gene i Apr. 24, London Airport, 
sm owerplonts by wet Snell; Gloucester, Ae. Be. “tim 


W; echnical Publications,” by Maj. H . R. Hockley. 
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DETAILED review of flying aids has never before been attempted by 
any journal. That “Flight” should present one now is indicative of the 
importance which this type of equipment has assumed. No commercial 

or military aircraft is now being designed as a simple combination of power- 

plant and airframe. Its flying-aid equipment is a factor in determining its 
operational capability. 

Everything is a flying aid which facilitates handling, navigation, internal 
management—indeed, all the many functions involved in transporting a given 
load from A to B—whether that load be a weapon, a group of fare-paying 
passengers or a quantity of freight. In a review of this kind, however, it is 
necessary to define terms of reference in order to avoid being swamped with 
subject-matter. We have therefore narrowed the field to that of aids which 
feature on the flight deck and help the crew in their routine task of getting from 
A to B. Communications, which are really an integral part of this process, we 
must perforce leave to another opportunity; and purely internal aircraft 
systems we have traditionally covered in our week-to-week work. These 30 
pages we devote to the subjects listed on the left, which form the nucleus of 
flight-control. 

The clearly dominant theme of our present survey is that of integration. 
Everywhere the aids are being combined to form homogeneous systems for 
complete flight-control, instrument flying, navigation and information refer- 
ence. Yet more important in the months and years to come will be the 
integration of flight-control as a whole with air traffic control, through the use of 
automatic data and instruction exchange systems. Progress towards this goal 
will be a measure of operational advance in general. 
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The Changing 


during the past decade are likely to bring about a gradual 

revolution in techniques. Partly under the stimulus of 
long- and medium-range missile requirements and partly to satisfy 
military requirements for independence of ground aids and tell- 
tale radio transmissions, much work has been done with the object 
of producing self-contained computers capable of tracing the 
flight-path of an aircraft and of indicating continuously its position 
and relation to a target or diversion airfield 

The navigator’s basic task has always been to assess his vehicle’s 
direction and speed of movement and, by integrating these with 
time, to find his position. Similar calculations have allowed him 
to decide the course he must follow to reach a given destination. 
The equipment and methods traditionally used in air navigation 
have been developed largely on an ad hoc basis, each new aid sup- 
plementing those already in use and gradually replacing those 
found to be redundant. The calculations used in air navigation are 
relatively straightforward but have always depended for their 
exactitude on the accuracy of the various sources of information. 

In ideal working conditions, and with sufficient knowledge of 
the limitations of the equipment in use, accuracy can be achieved. 
But increasing speeds and ranges and progressive reduction in 
cockpit space and the number of crew members have meant that 
the task of navigation must be simplified and speeded up and, if 
at all possible, carried out by the pilot himself. Just as integration 
is the present leitmotif in flight instrumentation and automatic 
flight control, so has the simplification of navigation aids been a 
major objective. This is particularly true of radio navigation sys- 
tems, for which special instrumentation and equipment is con- 
tinually being developed. Present radio navigation aids are being 
used in combination, one supporting and supplementing another, 
and there have been relatively few instances of a complete and 
comprehensive system being based on a single aid.s The out- 
standing example of a complete and single radio aid is the Decca 
Navigator, which has achieved wide recognition both for medium- 
range airliners and for helicopters. 

Certain missiles such as the Matador and Snark require a single 
self-contained navigation device which, in conjunction with either 
a ground based or programmed guidance system, will take them 
accurately to their target. 

For piloted or unmanned aircraft the four principal new 
developments in navigation are the highly stable frequency- 
generator which allows an aircraft to interrogate a ground navi- 
gation aid without first synchronizing its oscillator with that of 
the ground station; inertial navigation systems, which will record 
progress over the earth’s surface without any form of outside 
reference; navigation computers, which will accept a number of 
information inputs about the velocity of an aircraft and calculate 
from them a present position, a course to steer and almost any 
other navigational information which may be required; and the 
so-called Doppler navigators, which, by measuring the Doppler 
frequency-shift and directional characteristics in radar signals 
reflected from the ground, determine ground speed and drift. To 
these might be added automatic star tracking, though this so far 
has only found application in high-altitude missiles and does not 
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Navigation Picture 


appear likely to find favour for the rather lower altitudes and 
changeable visibility conditions of civil aircraft operations. 

Much of this equipment is subject to security regulations, but 
it is probably safe to say that at present only the navigation com- 
puters and Doppler radars have reached operational service in any 
numbers, and then only in military aircraft and missiles. Inertial 
systems are still under intensive development in a wide variety of 
forms and applications. Here the main problems are technological 
rather than theoretical. Automatic star tracking has been used in 
the Northrop Snark and in certain of the high-altitude research 
rockets fired in America. 

Current airline navigation techniques still rely on the methods 
and aids proven over the past twenty years, depending almost 
entirely on radio aids over the more populated areas and support- 
ing these with celestial observations and dead reckoning in areas 
not well provided with aids. 

The various aids in current use can te broadly divided into 
area-coverage and point-source systems, and subdivided between 
(a) those using medium and high frequencies and (bt) those employ- 
ing very-high and ultra-high frequencies. Some of these require 
specialized receivers and indicators while others utilize normal 
communications-type equipment. In the latter case several com- 
panies have developed special indicators or adaptations of indica- 
tors to simplify the pilot’s task in interpreting the signals. Rapidly 
taking its p'ace among the accepted group of primary navigation 
aids is such equipment as airborne weather radar and the radar 
altimeter. A British example of the latter equipment is that made 
by Standard Telephones and Cables, Ltd 

Several radio navigation aids depend for their position indica- 
tions on the synchronization of the frequency-source on the ground 
with a corresponding source in the aircraft. This synchronization 
is usually achieved by interrogating die ground aid to obtain an 
initial synchronizing reference for the airborne oscillator. For 
military operations, where radio emanations from an aircraft can 
betray its presence to a listening enemy, it is obviously desirable 
to have a ground aid which can be invoked without interrogating it. 
But this is practicable only if the aircraft can carry an oscillator 
which will independently maintain itself in exact harmony with 
that of the ground station; and the accuracies required have proved 
quite beyond the capabilities of any conventional oscillator avail- 
able. A major development in this field was recently revealed, 
namely the atomic clock. Though still rather bulky, this device 
does provide the necessary accuracy of oscillation. 

Air navigation has always been bedevilled by the inaccuracy of 
the various sources of information concerning the immediate 
environment of the aircraft. Neither has wind-finding been 
accurate without specialized equipment. Indicated airspeed must 
be corrected to provide rectified airspeed, and this in its turn 
corrected to show true airspeed. Outside air temperatures, pres- 
sure altitude and other factors used in these corrections must 
themselves be corrected. But this information is required for navi- 
gation, flight control and many other purposes and, while several 
sensing systems have been generally used in an aircraft, such 
muliplication cannot be continued. 

Recent requirements have called for a central source of highly 
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accurate air data in the form of electrical or mechanical signals 
which can be supplied to the pilot’s instruments, autopilot, navi- 
gation system and cameras or armament. The air data com- 
puters and similar equipment described below have this function. 

Major users of computed air data are the new navigation sys- 
tems. These are electro-mechanical analogue computers which 
integrate the recorded movement of an aircraft through the atmo- 
sphere with respect to time, relate it to information on wind 
direction and strength, and continuously display the present 
ground position and such other related information as may have 
been requested by the user. This information may include bearing 
and distance to a target; similar data for an alternate target or for 
the take-off point; ground speed; true airspeed; or windspeed. 
The position information is given to co-ordinates of a grid system 
or latitude and longitude, or in the form of bearing and distance— 
or in combinations of these factors. 

But such a computer is only as accurate as its sources of input 
data. Since true airspeed and compass or gyro heading sources 
are now considered reasonably accurate, and starting position can 
be very accurately set in the computer before take-off, the most 
difficult input to provide is that ; wind direction and 
strength. Forecast alone cannot be sufficiently accurate, especially 
where large variations in flight altitude and long distances are 
involved. There are several makeshift methods. A series of regular 
surveillance radar plots of aircraft position can give a fairly 
accurate estimate of wind effect over a comparatively short flight 
time. Radio aids, also, can be used to obtain a reasonably accurate 
position fix from which to correct the computer’s position estimate 
and calculate the effect of wind on the progress of the aircraft. 

The most accurate airborne equipment for assessing ground 
speed (it is in order to convert true airspeed to ground speed that 
wind effects must be known) is the so-called Doppler navigation 
radar. Outputs from this type of equipment are intended to be 
used in almost all the navigational computers so far revealed, 
although in most cases security has restricted information on 
methods and accuracies of these combinations. The security pic- 
ture is still not at all clear, but the existence of a number of systems 
has been officially revealed. 

Major desiderata in equipment of this type are accuracy and 
reliability. At present, maximum errors in the region of 40 miles 
at the end of a transatlantic flight are being quoted. This is cer- 
tainly well below the requirements of any missile, but would be 
acceptable for bringing an aircraft into range of terminal naviga- 
tion aids for the landing phase. 

Because of security restrictions and lack of operational know- 
ledge, even about the equipments described below, it is impossible 
to estimate at present what status these computers will initially 
have within the framework of airborne navigation aids. It is not 
known whether, in present military installations, they replace 
some or all of the accepted aids. Though civil applications are 
very probably being prepared now for the big jet transports, 
security restricts information even on these installations. 


Symbolic of present navigation techniques is this navigator plotting 
position on an airways chart in a Britannia. The Ekco E.120 airborne 
weother radarscope can be seen on the left. 
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oscillator 


The layout of the Atomichron frequency standard shows how the 

crystal-controlled oscillator is monitored by the cesium gas element. 

Such a precise frequency source will allow use of ground radio aids 
without interrogation transmissions from the aircraft. 


Atomichron Frequency Standard 


The National Company, Malden, Massachusetts. 
LL three American military Services have shown strong 
interest in the recently revealed Atomichron, which is an 
atomic-resonance frequency standard accurate to one part in a 
billion and stable within five parts in ten billion. The accuracy 
attained is equivalent to that of a clock losing only three seconds 
in 100 years. The device is initially being applied to the distance- 
measuring section of the American navigation aid Navarho, where 
distance from the ground station is found by comparing the phase 
of the signal received from the ground with the phase of the air- 
borne frequency reference. Without an Atomichron the ground 
and airborne frequencies would have to be synchronized by a 
triggering transmission from the aircraft. V.O.R., D.M.E., and 

other aids require such interrogation techniques. 

Present production versions cost about $50,000 each, but manu- 
facture in quantity would reduce this figure. A suitable airborne 
unit will weigh in the region of 60lb. 

Conventional frequency standards must rely on the stability of 
quartz crystals, but Atomichron uses a crystal oscillator continu- 
ously monitored and synchronized to the resonant frequency of 
the cesium atom. As the accompanying diagram shows, a given 
frequency generated by a normal crystal oscillator is controlled 
from an atomic beam tube (shown shaded) through a closed-loop 
servo network. 

The beam tube is maintained in vacuo, and a reservoir of cesium 
chloride at the lower end is heated to produce a drift of cesium 
atoms up the tube. As the atoms drift away at approximately the 
speed of sound they pass through a magnetic field which prevents 
the passage of atoms whose valence electrons have an alignment 
opposite to that of the nucleus. Those of identical polarity are 
allowed to enter a chamber where they are subjected to the radio- 
frequency energy produced by the crystal oscillator, the output 
from which has been converted to conform with the resonance 
frequency of the cesium atom, which is 9,192,631,830 c/s. If the 
R.F. energy input to this section of the tube is correct, the polarity 
of the valence electron relative to the nucleus is changed, or 
“flipped.” If the R.F. energy is not correct the atom continues 
without change of polarity. Thereafter the atoms continue through 
another magnetic field which rejects those whose polarity has not 
changed. 

Finally the atoms strike a target, become ionized, and are 
attracted to the cathode of an electron multiplier which amplifies 
the cesium input current a million times. 

It can be seen that any variation in the R.F. energy input from 
the crystal oscillator to the central section of the tube causes a 
reduction in the output signal from the electron multiplier and 
thus produces a plain unsensed error signal. The sense of the 
error which is shown to exist in the crystal oscillator is determined 
as follows. The R.F. signal injected into the centre of the tube is 
phase-modulated at 100 c/s. A motor-drive variable capacitor 
controls the master (5 Mc/s) crystal oscillator which generates 
both the R.F. signal injected into the tube and the Atomichron’s 
output. One phase of this motor is energized by the electron 
multiplier at the top of the tube and the other phase is excited 
by the 100 c/s modulation unit. 

The motor can thus ascertain whether the master oscillator 
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frequency requires to be increased or decreased, and drives the 
capacitor in the appropriate direction. Standard multiplication 
and harmonic and sub-harmonic <p allow this master 
frequency to be converted to the required uency of the systerm 


yn mops lems which Prof. 

s were overcome by 
J. R. Sheds of the ee fe Institute of Technology— 
who brought Atomichron to the laboratory-model stage—was 
that of maintaining the required vacuum in the tube without 
continual pumping. Atomichron is not, of course, purely a navi- 
gational aid for aircraft and has many applications in other kinds of 
scientific work. 





I INERTIAL NAVIGATION 









AS soon as a number of very severe technological difficulties 
are overcome, ial navigation systems will undoubtedly 
be adopted as the most accurate means of determining position 
over the earth’s surface and of providing a suitable input for 
computers which can yen | produce any of the navigation 
information likely to be requi during the flight of a missile 


or , 

Celestial navigation, dead reckoning and the use of radio aids in 
the air all involve errors of a magnitude which makes them only 
relatively useful, though they have provided reasonable answers 
up till now. With modern ground survey equi t, celestial 
observations can be used to determine the position of a fixed 







point on the ground to an accuracy of about 100ft. In marine 
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Fig. 1. Diagrammatic presentation of the stabilized platform shown 
with the integration processes for determining east-west and north-south 
displacement indicated, The gyro element remains stable in space and 
the accelerometer platform stays parallel with the earth's surface. 


navigation, errors in judging the direction of the local vertical 
allow accuracies only of the order of 1 min of arc—1 n.m. on the 
surface of the earth. Further errors introduced during celestial 
navigation of an aircraft cause even greater inaccuracy, the very 
small spurious gravity indications to the horizon reference in a 
very gentle turn at high speed causing errors of as much as 20 
miles. In amy case, poor weather conditions, and the time 
required for the necessary calculations, limit the usefulness of 
these methods. Even automatic calculating systems have not 
proved to be worthwhile, because of the inherent inaccuracy of 
the initial observations. 

In dead reckoning also, the measurement of direction, speed 
and wind are not sufficient to give more than a useful assistance 
over short distances between check points. Further refinement 
of the instruments used will not improve their ability to provide 
the desired information, since the quantities they measure are 
not directly concerned with functions of velocity. 

Radio or radar navigation devices, even if they can provide 
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the degree of accuracy required, rely on signals transmitted from a 
ground station or on others reflected from the earth. Apart from 
the expense and complication of infrastructure, military security 
demands the minimum of transmissions from an aircraft, other- 
wise its presence will be advertised. In any case, atmospheric 
disturbances affect radio aids, and their ormance is limited 
over ocean areas. 

Inertial navigation does not require any outside references. 
The theory is based upon Newton’s second law, which states 
that force is equal to time rate of of momentum, without 
approximation or correction for any effect. In plainer terms, it 
can be stated that velocity is the rate of change of distance with 
time, and acceleration is the rate of change of velocity with time. 
If this deduction is reversed, it can be seen that a vehicle’s posi- 
tion at any time after starting to move can be determined from 
its acceleration history. A double integration of measured 
ee ae ee Se Se ae Seer Sa. 
by tema ge te me ht dL 

Present applications of inertial systems are y military and 
only iiemidiies Gn Aatedinn Guy tan bean sevens so far, 
although Bosch Arma Corporation representatives explained some 
of the possibilities of inertial systems for civil aircraft during 
1.A.T.A. discussions early in 1955 on the problems of long-range 
flights. It was then stated that components were available in pro- 
duction form to allow the ing of an airliner system which 
would probably weigh between 100 Ib and 150 Ib give instan- 
taneous data on ground speed, ground position and track. The 
necessary bilized platform would in addition provide 
signals for t control systems and the stabilization of equipment 
such as radar aerials. 

Other information which could be produced by suitable addi- 
tions to the computer section would include deviation from a pre- 

selected track; time, distance and course to destination; estimated 


fuel at destination; wind speed and direction; and 
aircraft This estimate was fairly optimistic in view of 
some of the ties since encountered by various of the com- 


panies in translating theories and laboratory models into airborne 
hardware 


American companies known to be engaged on complete 
inertial systems or parts of them now number well over a dozen. 


Fig. 2. Components of an inertial navigator, showing the stages of 
integration and position feed-back to the stable platform. The 
computer converts indications into latitude and longitude terms. 
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They include A.C. Electronics Division of General Motors Corp.; 
Bell Aircraft Corp.; California Institute of Technology’s Jet Pro- 
pulsion Laboratory; Arma Division of American Bosch Arma 
Corp., for air-to-underwater guidance for tactical missiles; 
Dynatrol Corp.; Federal Telecommunications Laboratory: 
General Electric; General Precision Laboratories and Kearfott, 
both divisions of General Precision Equipment Corp.; Litton 
Industries; Massachusetts Institute of Technology’s Instrumenta- 
tion Laboratory; Autonetics Division of North American Avia- 
tion Inc.; Ford Instrument Company, a division of the Sperry 
Rand Corp.; Minneapolis Honeywell; and Reeves Instrument 
Corp. The high s gyros for inertial systems are being 
made by many firms, including Greenleaf Manufacturing Com- 
pany and Summers Gyroscope Company, the latter having 
developed an aircraft instantaneous. vertical speed indicator 
reported to be based on inertial principles. 

Outputs from inertial systems may be fed to almost any of the 
navigation computers described in the appropriate section of this 
review. The International Business Machines Corp., BRANE 
MA-2 bombing and navigation system for the Boeing B-52 has 
been mentioned in this connection. Reeves Instrument Corp. is 
applying inertial techniques to the coasting time computer con- 
trolling the separation of the second stage of the Project Vanguard 
earth satellite carrier. 

Inertial Theory. In order to record the acceleration history of 
a moving vehicle, and therefore to determine its position in rela- 
tion to its starting point, one, two or three accelerometers are 
oriented to measure acceleration in the north-south, east-west and 
vertical directions. The vertical measurement is mainly a missile 
requirement. To make these measurements refer only to trans- 
lational accelerations, the accelerometers must at all times be 
maintained accurately aligned to their reference directions. This 
is achieved by the use of a gyro-stabilized platform. The platform 
must be maintained in correct azimuth alignment so that the 
accelerations in each direction can give accurate indications of 
movement in the north-south and east-west directions. It must 
also be kept accurately horizontal in relation to the earth’s sur- 
face in order to prevent the accelerometer’s “seeing” misleading 
gravity accelerations. 

Such a platform may be arranged as shown in Fig. 3, where 
three gyros, each with a single axis of freedom, are mounted 
within a gimbal system so that displacement of the platform axis 
will cause one of the gyros to precess and provide a signal to a 
servo-motor. The motor will then rotate that axis of the plat- 
form back to its original alignment in space. The signals to the 
servo-motors generally have to be resolved to allow for the 
particular relationship of the stable element to the outer gimbal 
system. 

The gyro element would normally remain aligned to a datum 
in space and corrections must be introduced to keep the accelero- 
meter mounting horizontal in relation to the earth’s surface. Even 
if the platform remained stationary it would have an apparent 
rotation, because of the rotation of the earth. Therefore a clock 
element must be introduced to rotate the accelerometers relative 
to the stable element at the rate corresponding to the earth’s 
angular velocity, i.e., at 15 deg/hr. 

A further correction is required to allow for changes in latitude. 
For this, the output of the north-south accelerometer is doubly 
integrated and fed through a mechanical drive to the mounting 
of the east-west unit. The accelerometer will then follow the 
angular acceleration of the vehicle about the centre of the earth. 
Fig. 4 shows how this is achieved; it also illustrates the working 
of the clock which, interposed between gyros and accelerometers, 
rotates the gyro platform at the rate of the earth’s rotation. In 
this case the device is set at zero on the equator. 

To allow for longitude changes a slightly more complicated 
correction must be applied, because change of longitude during 
movement on the earth’s surface depends upon latitude. At the 
equator 60 miles corresponds to one degree of longitude, but at 
latitude 45 deg it corresponds to 1.4 deg. Therefore the output- 
shaft velocity (or other output) of the east-west accelerometer 
integrator is multiplied by the secant of the latitude angle and 
then passed to the mounting drive servo. It can be added 
algebraically to the clock signal. 

The artificial horizon in an aircraft instrument panel is liable 
to suffer similar errors to those of the stable platform, but here 
a much simpler form of correcter can be applied in the form of a 
pendulum device, though the pendulum is no longer considered 
effective for very-high-speed aircraft. It is certainly not adequate 
for inertial-system applications. The kind of accuracy required 
in the inertial-system platform can be judged by the fect that if 
the platform is tilted away from the horizontal by only one minute 
of arc an error of 12 miles will build up during a one-hour flight. 

It might, then, be supposed that the normal errors of gyros 
(bearing friction and random drift) would build up to impossible 
magnitudes when integrated twice with time. Components of 
sufficient accuracy might appear impossible to produce. But the 
application of the principle of the Schuler pendulum, otherwise 
termed earth’s pendulum or 84-minute pendulum, has made the 
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AXIS PICKOFF 


Fig. 3. The arrangement of three single-oxis-of-freedom gyros in a 
stable platform. Displacement of the gyros is fed to servo motors 
which re-position the mounting accordingly. 


SERVO 
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Fig. 4. North-south and east-west accelerometer recordings are cross- 

fed to keep the accelerometer mounting parallel to the earth's surface. 

The diamond-shaped marker on the gyro element case shows the 
platform turning to counteract the earth's rotation. 


realization of adequate accuracy possible. It is reported to form 
the basis of all inertial systems at present under development. 
Schuler, a German, first described his theory in 1923. 

By this method it is possible to make the platform accurately 
seek the true vertical or direction of gravity, and also to restrain 
the build-up of random errors within a constant average value. It 
works in such a way that an initial tilt of the accelerometer 
element away from the horizontal is sensed by the accelerometers, 
translated into an indication of vehicle motion, thence into a 
corrective tilt of the platform by its servos and, after overshooting, 
into a complementary error in the opposite sense. The period of 
the error cycle is exactly 84 minutes if the scale factors chosen in 
the various components are correct for the purpose. The inertial 
system so arranged will seek out the local vertical and oscillate 
about this position, regardless of vehicle motion. 

The effect of the processes described above is, in fact, to main- 
tain the gyro platform in its spacial position throughout the flight 
and to rotate the accelerometer mounting to keep it parallel to the 
earth’s surface. But further corrections are required to com- 
pensate for the fact that the earth is not a perfect sphere and for 
Coriolis effect. To allow for this, correction signals can be applied 
to the outputs from the accelerometers. 

Technological Problems. It has been said (paraphrasing a 
familiar introduction to postprandial speechmaking) that “an 
inertial guidance system is like a baby—easy to conceive, but 
difficult to deliver.” The truth. of this observation has most 
certainly impressed those American manufacturers who have 
become involved in the design of such systems. The accuracies 
demanded of all the components are greater than have ever been 
required before. It is one thing to produce a laboratory model 
which will give acceptable results; that is difficult enough, though 

(Continued on p. 478, after double page of pictures) 




























Sabena DC-7C equipped with R.C.A. AVQ-10 weather radar (left of 
control column), Sperry Integrated Instrument System and the auto- 
pilot, the controller of which is in the centre of the main console. 


A B.E.A. first officer reaches up to adjust the Flight Log display of the 
Decca Navigotor in a Viscount. The needle continuously traces the 
aircraft track or the moving chart. Two Marconi A.D.F.s are close by. 


FLIGHT, 12 April 1957 


High Calling 


THE fickleness of the elements, epitomized by the 
silhouetted Lockheed Neptune, continues to de- 
mand seers skill as well as technical innova- 
tion. e calling of air pilot or air navigator is 
among the highest open to any man, and to guard 
over professional interests a Livery Company of 
the City of London—the Guild of Air Pilots and 
Air Navigators—was constituted on April 10, 1956. 
The Grand Master, himself practised in both trades, 
may have had in mind the flight-decks of modern 
airliners, such as we illustrate, when he cast an 
appraising eye over the Blackburn monoplane of 
1912 (ower right). In this very issue we record 
the Guild’s impressive first annual banquet, at 
Mansion House on April 3. The new coat of arms 
is reproduced on the opposite page. 
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The simplicity of the Boeing 707 cockpit (above) is largely due to the small instrumentation requirements of the jet engines. In service these 
aircraft will carry a variety of flight-control systems and aids, but the prototype, shown here, has the Lear autopilot destined for the KC-135. 


hal 


The Britannia cockpit, with its distinctive control-column grips, shows the great simplicity of instrumentation achieved with turboprops. Sperry 
Zero Readers and Smiths autopilot are here installed. Later Britannias will have the complete Smiths Flight Systems. 
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The Changing Navigation Picture . . 


it has been done. It is quite another to put such a system on a 
production line and to be able to furnish the customer with an 
inertial navigator which will stand up to wear and tear of even 
one missile launching and still give anything like a probable 
indication. Super-accurate servo systems are needed; and 
accelerometers with hitherto unheard-of ranges of indication. 
Gyros of extreme accuracy must be made to fit into cylindrical 
cases less than three inches in diameter. 

Where efforts to increase the accuracy of present conventional 
navigation equipment may reach the stage where further refine- 
ment is no longer worthwhile, every increase in the accuracy of 
inertial-system components will provide a valuable improvement 
in system performance. But inertial systems will not even begin 
to give any useful answers until the highest levels of accuracy 
have been achieved. 

Inertial-system Compromises. The required standard of 
accuracy is so hard to achieve in an inertial system that a num- 
ber of U.S. companies are reported to be working on hybrid 
equipment combining inertial and other methods. In this way 
another type of aid could be used to check and correct a fairly 
crude inertial navigator at short intervals. 

American reports indicate that even during a large-scale war 
the civil scheduled airlines would be kept in operation so far as 
possible. For this purpose the various ground-based radio aids 
would have to be kept in action, but they would be arranged to 
transmit only at given times, say once an hour, or perhaps a little 
more frequently. An inertial navigator might be used to give a 
dead reckoning plot during the intervals between ground-aid 
functioning. 

Doppler radar might be combined with an inertial system so 
that it monitored the accelerometer and first integrator stage, - 
shown below. The Doppler output would be compared with 
the output of this first stage and a correcting bias signal applied 
when necessary. A similar technique, reported to have been 
developed for military aircraft, might allow for the Doppler to 
be switched on only for a matter of seconds at a time. By this 
means an accuracy of 1.5 per cent of distance travelled ‘jute 10 
hours could be achieved. Such accuracy results in a 45-mile error 
after a 3,000-mile flight at 600 m.p.h. 

Airborne weather radar, used for ground-mapping or radar 
beacon reception, can give a precise position fix. me fix could 
be compared with that shown by the inertial system and any error 
corrected, either by simple adjustment of the position indication 
or by inserting a correction factor which will suitably influence 
the computer’s future calculations. Such a feature is noted in 
various of the computers described later. 
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Inertial systems of medium accuracy can be combined with checking 

systems as shown here. Above, Doppler radar is introduced periodically 

to check the velocity calculations. Below, a star tracker, stabilized by 

the inertial system platform, periodically provides check fixes. Such an 
arrangement is used in the Northrop Snark. 
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The Honeywell miniature (1.75in diameter) integrating gyro, vital for 
inertial and other systems. It weighs a mere half-pound. 


A, Signal torquer Dualsyn; 8, Heater and sensing element; C, flcated gimbal; 
D, gyro wheel; E, case; F, pivot jewel; G, bellows; H, baffle plate heoter; 
|, terminal; J, flex lead. 


An automatic celestial navigation system such as the photo- 
electric sextant produced in America by the Kollsman Instrument 
Company may also be used to provide check fixes for an inertial 
system. The difficulty of finding a true horizon reference for it 
is solved by the presence of the inertial system’s own highly- 
accurate stable platform. The Kollsman instrument can auto- 
matically track preselected stars or planets by night and the sun 
by day. One or two tracking heads can be mounted on the 
platform itself or on another platform remotely controlled to 
maintain the same position. Such a combination inertial/ celestial 
navigator is reported to form the basis of the Northrop Snark’s 
guidance system. 

Among particular instances of “pure” inertial and combination 
systems is a lightweight, low-cast inertial navigator suitable for 
civil and military helicopters proposed by Litton Industries. It 
would weigh about 60 Ib, or as little as 30 or 40 Ib after refine- 
ment, and would provide accuracies in the region of 0.5 miles’ 
error 15 minutes after a position fix or take-off. A comparable 
system produced by Arma might weigh about 125 lb. A 
lightweight inertial system for U.S. Navy fighters giving a one- 
mile error after an hour’s flight is reported to weigh about 200 Ib; 
and a U.S. Army officer recently made a medium-range flight in a 
light aircraft guided by an inertial system produced by Ryan 
Aeronautical Company. 

Work continues apace in America on the perfection and 
development of the highly specialized equipment needed for this 
new navigation technique. Little concrete information is likely 
to be released on actual equipment developed, because such 
information would so drastically compromise secrecy about the 
capabilities of a given aircraft or missile. But any mention of 
— affording “comprehensive,” “global” and “self-con- 

navigation facilities can be taken to include either inertial 
o = Deets systems combined with an airborne computer. The 
two last-named devices are dealt with in greater detail in the two 
sections immediately following. 





DOPPLER RADAR | 





ONE of the most difficult problems facing the navigator, and 
one which men have tried for years to solve accurately, 
is that of assessing exactly an aeroplane’s ground speed and 
drift. If such information is available and can be combined 
with the indications of the aircraft course (derived from present 
accurate gyro-magnetic compasses or directional gyros in polar 
regions) position-fixing and determination of the course to be 
flown would be simple. Various techniques for measuring these 
yaa a hn have been used over the years, but most of them have 
am ge = clear weather and good reference features on the 
results have not generally been as accurate as 
ony be wished and considerable skill and bulky equipment has 
often been needed. 
One answer to this general problem is the inertial navigation 
system which, as described above, measures the aeroplane’s 
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The Changing Navigation Picture .. . 


accelerations to determine its movement over the earth and there- 
fore requires no external references at all. But another device is 
now being used in many types of aircraft to sense speed over 
the ground and to assess drift caused by wind effect. This is 
the Doppler radar. 

Experiments which were to lead to the development of 
Doppler radar actually began in 1933, when the U.S. Navy 
started work on the problem. Experimental equipment was flown 
in 1945 in an effort to detect a Doppler frequency. A major 
programme was begun soon after World War 2, when the 
U.S.A.F. he ey with General Precision Laboratory in 
trying to develop a self-contained navigation system; and that 
company claims to have made the first flight using Doppler 
equipment—in April 1948. It is not possible to say how this 
equipment compared with certain British developments of that 
time which have since resulted in various applications, the only 
one of which to be revealed to date is the Marconi A.D.2000 
Doppler radar. This may well pre-date G.P.L. equipment. 

The principle underlying such systems is that if a radio beam 
is transmitted from an aircraft in flight so that it reaches the 
ground at an angle ahead of or behind it, the signals reflected 
from the ground will show a shift in frequency proportional to 
the machine’s s over the ground. Such a single-beam 
system would indicate ground speed relative to the aircraft fore- 
and-aft axis. Present Doppler equipment generally makes use 
of a pattern of two beams, either diverging at a fairly small 
angle or oriented at 180 deg to each other. This beam pattern 
can be swivelled until the Doppler shift in the reflected signal 
from both beams is equal. The pattern will then be aligned with 
the flight-path over the ground. The Doppler shift will indicate 
the ground speed and a comparison of the beams’ directional 
orientation with the magnetic course will show the track of the 
aircraft. 

Details of beam oy angles and alignment are still secret, 
as is information on the frequencies and techniques used, for 
example, to stabilize the aerial array. Like the technological details 
of inertial systems, those of Doppler radars have been divulged 
in America piecemeal and without clear explanation. Principal 
applications are still confined to a wide variety of military pur- 
poses, though civil installations, particularly for the large jet 
transports, are being prepared. Pan American will carry out tests. 

In service, a —— radar might be used as a continuous 
input-signal source for a computer, or it might be switched 
on for short periods to monitor and correct the working of 
the computer or of a a inertial system, as mentioned 
above. Difficulty would be experienced in obtaining 
a good signal reflection water, but rough sea and 
mountains do not aout 4 affect performance. 

In addition to the British Marconi A.D.2000, three American 
Doppler radars have been revealed. All are made by General 
Precision Laboratory Inc., a division of General Precision Equip- 
ment Corporation. One is the AN/APN-66, which provides, on 
a dial, information on ground speed and drift (up to 35 deg left or 
right) and was used in January in the B-47 which made a remark- 




















An early experimental Doppler radar aerial system in the belly of an 
aircraft. Each aerial projects one beam at an angle towards the 
ground either side of the aircraft track. 































General Precision Laboratory civil Doppler radar, called Radan PC-201. 
It weighs 85 |b, takes 4.4 cu ft of space, and will provide a continuous 
indication of groundspeed and drift. 


able coast-to-coast flight over America in 3 hr 47 min. By 
allowing the crew to keep the aircraft accurately in the core of a 
favourable jet stream, the radar made possible ground speeds of no 
less than 750 m.p.h. The same equipment was used only last 
month by a B-47 which flew from Seattle to Savannah, a distance 
of 2,800 statute miles, at a speed of 665 m.p.h. 

Another Doppler radar by G.P.L. is the AN/APN-81, which 
weighs 380 lb and requires 16 cu ft stowage volume. It was used 
by the U.S.A.F. before May 1955 in a jet-stream research pro- 
gramme to ascertain the structure of such air currents. ‘The equip- 
ment is also installed in weather reconnaissance WB-50s; the 
information is passed to a computer which calculates ground 
speed and drift, wind speed and direction, latitude and longitude 
position and shortest course to a destination, and provides a steer- 
ing signal for human or automatic pilot. This Doppler radar is 
at present in full production for the U.S.A.F. Another computer, 
called AN/APN-82, is thought to be similar. 

The latest G.P.L. Doppler radar is their civil PC-201, called 
Radan. Now in limited production, it weighs 85 lb and requires 
4.4 cu ft stowage space. No figures of price are available. It 
can be seen that early heavy and bulky equipment is being 
progressively miniaturized. 

G.P.L. and several other companies have pointed out that the 
accurate position-fixing made possible by a ppler radar /com- 
puter combination may well have a great effect on traffic control 
procedures, for aircraft will safely be able to fly on any pre- 
selected track. Airways-type control may well prove to be 
redundant when such an aid is available. 

The Canadian Defence Research Telecommunications Estab- 
lishment has recently announced the Drift and Groundspeed 
Measuring Airborne Radar (DAGMAR) which is a .Doppler 
radar weighing 100 lb. This weight could be reduced by 30 Ib 
with production refinement. It uses four radar beams directed at 
the ground, two in the forward direction and two to the rear. The 
four-beam system is said to compensate for aircraft vertical 
motion. Such an arrangement is referred to as a Janus system, 
after the mythological god who was reputed to be able to see both 
forwards and backwards at the same time. DAGMAR is transis- 
torized, according to official reports, and can operate at altitudes 
over 40,000ft. It might well equip the CL-28 Argus 





NAVIGATION COMPUTERS | 





ONCE accurate information is available to the navigator on 
airspeed and wind velocity or ground speed, and on direc- 
tion, his task becomes mainly one of performing a number of 
relatively simple calculations to determine his position and the 
course to be steered. With increasing speeds and ranges in small 
aircraft it was found desirable to provide a computer which would 
perform these calculations automatically. By the use of an electro- 
mechanical analogue computer this is fairly easily achieved; the 
main problem is to make the computer accept the kind of informa- 
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The elements and functioning of the PSC 
Applied Research, Ltd., R-Theta navigation 
computer. At left, reading downwards, are the 
R-Theta indicator, the wind velocity and 
variation computer and the pilot's repeater 
dial. The universal integrator unit is remotely 
located. Uninstalled weight is 31.4 Ib. 














FLIGHT 


adapted, and in its present form R-Theta is already reported to p-ovide 
more operational features than any other navigational system of its 
weight and size. Doppler coupling causes a weight increase of only 1 Ib. 
Theta components are a ground speed interception computer, 
.1 Ib; R-Theta computer, weighing 12.8 lb; universal integra- 
b; and a junction box, weighing 2.5 lb. Power supplies 

1 400 c/s single and 1.5 A peak 28 V D.C. 
Accuracy is cent of miles flown or computed. Speed range is 
100 kt to 600 kt; maximum closing speed during interception 1,400 kt; 
instrument accuracy +2 per cent; maximum range before resetting, 
999 miles; and altitude and temperature limits, 0-60,000ft and — 45 deg C 
to 60 deg C. 

A mameny facility allows 150 miles’ hold or overrun before counte:s 
must be a aS oP ome —— and steady lights give positive 
indication of no; ‘unctioning warning to reset. 

A ter instrument can be provided for installation close to the 
as the main compass indication for the aircraft. The repeater can also 
be used to present Tacan, V.O.R./Tacan or R.M.I. information, 
allowing considerable reduction of the number of heading and bearing 
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tion input available and to arrange it so that it produces answers 
in the desired form. Inertial and pler outputs can theoretically 
be used by all the computers of whigh details have so far been 
published, but in fact not all of them are capable of accepting 
such signals. U 

Information is generally presented either in the form of latitude 
and longitude (or grid) co-ordinates, or as a bearing-and-distance 
indication. The latter presentation is generally preferred for fighter 
use and the former where there is a requirement for “global 
capability.” Most computers have means of manually applying 
wind-velocity data, but resort to such a method results in accuracies 
inferior to those achieved with some automatic device such as 
Doppler radar. In their present form all computers require 
accurate inputs on true airspeed and they are therefofe linked 
with one of the several air data computers which are now available. 
These are described later. 


R-Theta Navigation Computer System 


PSC Applied Research, Ltd., 1,500 O’Connor Drive, Toronto 16, 

Canada. 

FIRST suggested by W/C. J. G. Wright, R.C.A.F., the R-Theta com- 
puter has been under development by PSC Applied Research since 1951. 
Last year a multi-million-dollar contract was placed by the R.C.A.F. 
and the instrument has been adopted as standard equipment for the 
Avro Canada CF-100. Other air forces are evaluating R- Theta. 

Present equipment is entirely transistorized and is capable of accepting 
a Doppler radar input. This input can be supplied intermittently, and 
R-Theta is so arranged that it will correct itself according to each 
Doppler input. Maps or charts are unnecessary and information is 
provided in the form of bearing and distance from take-off point. 
Destination instructions are supplied when the bearing and distance 
of the destination from the take-off point have been set. 

Long flights can be accomplished by step-by-step setting of a succes- 
sion of reference points, which need not lie on the intended track. 
R-Theta can also be set up to give information for intercepting other 
aircraft (raiders or tankers) and moving bases such as aircraft carriers. 
There are many other functions for which the computer could be 


indications in a cockpit. The repeater instrument weighs 6 Ib. 

Required inputs are compass heading, from a_gyro compass capable 
of providing a synchro output; and true airs , from a computer 
element made by the American Norden Ketay Corp. 


Position and Homing Indicator 

Computing Devices of Canada, Ltd., P.O. Box 508, Ottawa 4, Ontario. 
AN automatic dead-reckoning navigation system for R.C.A.F. single- 
seat high-s aircraft, the latest P.H.I. is the Mk 3. It is simpler 
to operate earlier models, is completely transistorized and its overall 
power requirement is under 100 W. Total weight is just under 25 Ib 
and, with correct inputs for wind, gyro compass and true airspeed, it 
gives a ground position error noi greater than 14 miles tor every 100 
miles flown. ae 

P.H.I. shows the pilot continuous ground-position indication in the 
form of a bearing and rance from his point of take-off. In addition, 
a selector is provided on which bearing and to any one of a number 
of alternative bases may be selected for display, instead of own-base 
homing. A third cockpit-mounted unit is the wind-setting dial. A 


Computing Devices of Canada, Ltd., Position and Homing Indicator 
has a wind-setting dial, a course and distance indicator and a selector 
for choosing 


homing to one of five diversion bases. 
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junction box and airspeed pre pee resolver unit 
are remotely located. The main it indicator 
shows range in a veeder counter and a7 Gal by a 
marker on the compass card, the card itself rotating 
to show gyro-magnetic heading indication against 
a lubber-line at the 12 0” position. Radio- 
aid data may be incorporated on the main dial and 
provision is made for automatic wind-finding on 
the basis of visual or surveillance radar ground- 
position corrections. 
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ANTAC Long Range Navigation System a) Se Change in Present Position Olk 
Computing Devices of Canada, Ltd. (Address, True Heading display Ground Track 
p. 480) as needed 
THE Air Navigation and Tactical Control System & 
embodies a long-range navigation system coupled Wins ont wetien Control Signals 
to an integrated tactical display and is designed for iptormenen Si 
. | 5 > Argus maritime ry He ean 
aircraft. ed unit is a large -reckon- d 
ing computer giving —— in latitude and Aahematic ae 
longitude with provision for external references from a variety of Variation Y = PRESENT ITION 


electronic, radar and radio inputs. Steering signals to the autopilot can 
be provided automatically or semi-automatically and a co-ordinated 
picture of the tactical situation is ey for the navigator. 

Some of the equipment of ANTAC can be applied to long-range civil 
aircraft, and development in this direction has proceeded. Terminal- 
area and traffic-control problems have also been Gonsideeed: 


CF-105 Navigation System 
Computing Devices of Canada, Ltd. (Address, p. 480) 

AN R.C.A.F. contract has been placed with this ag my | for the 
development of a navigation and interception computer for the super- 
sonic CF-105 fighter. No more is known than that it involves an 
expansion of the principles of P.H.I. with a high degree of automation. 


AN/ASN-7 
Ford Instrument Company, Division of Sperry Rand Corp., Long Island 

City 1, New York. 

FOR a number of years Ford Instrument Company has been producing 
- AN/ASN-6 navigation system, and a contract worth over $15m 

in January b -S.A.F. Air Materiel Command for the 
AN/ASN-7 a t-tes was carried out in 1955 and 
1956 at Eglin A.F.B., Florida, and the computer will be installed in 
fighter, reconnaissance, bomber and cargo aircraft. 

Advantages claimed { for the ASN-7 are that it has ranteed | 
fails safe, needs no monitoring and dispenses with map reading. It 
tells the pilot continuously his present position and ground track and 
shows him required course and distance to a preset target. An 
alternative can be set and stored for immediate use when 
required. T. is shown a t a lubber-line by a rotating compass- 
card; course-to-destination is indicated by a needle; and distance is 
shown in a veeder counter. Doppler or inertial-system coupling is 
possible. The computer can be adapted to telemetering equipment and 
has an autopilot output. A magnetic-variation computer can be included 
to provide a variation output signal to the present-position computer 
from latitude and longitude signals supplied from the course-and- 
distance computer. The seven units of ASN-7 weigh 67.15 Ib. 

In flight tests with manual wind setting ASN-7 shown a “circle 
of accuracy” of 3 per cent after a 1,000-mile flight. Longer flights can 
be plotted if the computer is reset for successive destinations. 

If the manually set wind proves inaccurate, a new wind may be set 
and ASN-7 will then compute an appropriate new heading-to-target. 
Conversely, the present-position indication can be corrected when an 
accurate is obtained by radio or radar methods and the computer 
will then correct its own wind allowance and compute the new course. 
Alternative destination can be set on the present-position counters at 
any time during the flight and put into storage. The storage/insert 
switch is thrown to insert the new destination when desired. By using 
this as a stepping-stone system, ASN-7 allows flights of any length to 
be plotted, though any one leg must not be longer than 999 miles. 

the setting operation the counters are a but the com- 
puter continues to cafculate progress and will add distance-travelled to 
the present-position ication once this has again been re-selected. 

ASN-7 inputs are pass heading from U.S.A.F. gyro ee 
types J-2, J-4 or N-1; aircraft velocity from true airspeed and Mach 
number computers such as types A-1, A-2, C-1 and C-2; central air 
data computers or radar-derived ground speed; magnetic variation from 
automatic or manual settings; wind data from automatic wind com- 
puter, other special equipment or manual settings; present position from 
manual setting of latitude and longitude or fixing information sources; 
and fix corrections from manual setting, Tacan, V.O.R./D.M.E., celestial 
data computer or radar devices. 

ASN-7 is at present capable of operating accurately between latitudes 
70 deg north and south, but development is in hand to allow it to 
operate ~~ in polar 1r4 . It is fully climate-proof, can with- 
stand 10g shock, —65 34 to 165 deg F and up to 70,000ft. The 
controls are ies ”’ to operate in the natural sense and be 
distinguishable by ap mey even to a — wearing heavy aap 

Accessories to ASN-7 are a ae sae Be 
systems; an automatic fix pod. which ws setting of error correc- 
tions on landing, ready for more accurate ha ge | py Soe next 
flight; and a radar drift meter coupled to a radar or a ntrol 
radar with ground mapping capabilities. 


Basic Bearing and Range Computer System 
Eclipse-Pioneer Division, Bendix Aviation Corp., New York 17, N.Y. 
A NUMBER of basic systems which can be modified to suit any 
requirement are offered by Eclipse-Pioneer. Latitude-longi- 
tude, tho-thers or grid indication are possible, as well as slaving to 
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Schematic diagram and cockpit 
units of the AN/ASN-7 produced by 
Ford Instrument Company. It shows 
position in latitude and longitude, 
course, track and distance, and will 
accept many forms of wind-finding 
information. 


V.O.R., Tacan or Doppler radar inputs. Interception and homing 
to a moving base are available. Extensive use of transistor circuitry 
offers great compactness and lightness. 

The basic bearing and range navigational computer system is a rho- 
theta device consisting of two units, a control unit and a course-and- 
distance indicator. rue airspeed and magnetic heading data from 
suitable sources are ws ry incorporated, but variation and wind 
data are manually set. If the customer does not require the two 
last-named factors the control unit can be eliminated altogether. The 
indicator shows course and distance to or base, and present track. 
It is 8}in long by 3}in diameter and at Ne lb. The control unit 
measures 5jin by 2jin by 6}in and weighs 4 ! 


Bearing and Range Indicator System 
Eclipse-Pioneer Division, Bendix Aviation Corp. (Address as in Col. 1) 
THIS is a more elaborate rho-theta dead-reckoning computer which 
may consist of three or up to six units, namely, bearing and range 


The Bendix Basic Bearing and Range Computer shows course, track and 
distance on a dial and has a wind-speed and variation-setting panel. 
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control, computer and indicator, compass unit, variation unit and 
airspeed unit. 

Wind direction and speed and target bearing and range are manually 
set into counters in the control unit, which also hab ciuine controls 
for rapid adjustment of the settings. A selector switch is set to make 
the system indicate bearing and range of either target or base. The 
control unit weighs 2} Ib. A bearing and range computer, with no 
manual controls, weighs 8} Ib and is designed for remote installation. 
In the bearing and range indicator, which weighs 1} lb, a romting 
compass-card shows the ground track of the aircraft, while a needle 
indicates true bearing of target or base, the distance being shown in a 
veeder counter window. 

Compass and true airspeed units are required when the signal sources 
of these values are in the form of a synchro transmitter signal. The 
units resolve these values into component voltages proportional to the 
input quantities, by means of servo follow-ups from the aircraft compass 
transmitter and true airspeed signal. 

The range of operation of this system is 1,000 miles, with true 
airspeeds from 100 kt to 1,200 kt. Magnetic variation can be set up 
to 180 deg east or west and winds of up to 200 kt from any direction. 
The basic system weighs 12 lb and accuracies are given as +1 deg of 
track angle, +1 deg of bearing and + 1-4 per cent of range. If the pilot 
subtracts from the wind setting the vector and speed of a moving base 
it can direct him to follow the ship or carrier on a pursuit curve. In 
this condition the target function is lost. He can also follow a moving 
target, but then the homing function is lost. 


Automatic Dead-reckoning Set 

Eclipse-Pioneer Division, Bendix Aviation Corp. (Address as p. 481) 
DESIGNED to fulfil the basic requirements for navigation, the Auto- 
matic Dead-reckoning Set is a latitude/longitude system computing the 
present position of the aircraft. It also shows track, Great Circle 
distance to a pre-set base or target and Great Circle bearing to that 
base or target. Wind direction and strength can be manually set. There 
are three main components, the data setting box, control amplifier and 
course-and-distance indicator. Compass course and true airspeed signals 
are accepted from the other aircraft systems, means being provided for 
compass deviation compensation up to +3 deg and compensation of 
airspeed calibration errors of up to +50 kt. 

Manual inputs include variation (+180 deg), wind direction and 
strength (360 deg and up to 200 kt), base position and target-position 
in latitude and longitude. 

Range of operation is for all longitudes and for latitudes up to 70 deg 
north and south. Beyond these latitudes the equipment will continue 
to function, but with a loss in accuracy increasing as the poles are 
approached. Maximum usable distance to target is 999 miles and true 
airspeed range is between 100 kt and 800 kt. Accuracies are +1 per 
cent of distance travelled or two nautical miles per hour flown, which- 
ever is the greater; track angle to +1 deg; bearing to +1 deg; and 
distance to +1 per cent. The basic system weighs about 15 Ib. 


AN/APN-67 Navigator 
Ryan Aeronautical Company, San Diego 12, California. 
THE U.S. Navy Bureau of Aeronautics has specified AN /APN-67 for 
the Martin P6M SeaMaster. A continuous-wave Doppler radar coupled 
with a computer, it uses no ground references or aerological data, but 
gives the pilot continuous indications of latitude and longitude position, 
ground speed, ground mileage flown, drift angle and ground track. 

As an offshoot of this equipment Ryan have also developed a heli- 
copter hovering aid (AN/APN-97) which presumably uses Doppler 
signals to tell the pilot whether or not his machine is stationary above 
ground or sea. 

The APN-67 has been used during Operation Deep Freeze in the 
Antarctic and during Project Magnet, which was designed to measure 
the direction and intensity of the earth’s magnetic field. The U.S. Navy 
contract for APN-67 is valued at $5m. 


Model 103 Electronic Automatic Navigator 


Ryan Aeronautical Company. (Address as above) 

THE U.S. Army also has a Doppler radar navigator, under the above 
designation, and one was installed in an L-20 Beaver last sufhmer. It 
was first tested over sea and desert along the American West Coast and, 
more recently, its capabilities were demonstrated when the L-20 was 
flown from Lindbergh Field, San Diego, to Fort Huachuca, passing 
over Yuma, Gila Bend and Tucson. Without assistance from any form 
of ground navigational aids, the Model 103 kept the pilot on track all 
the way. The navigator showed him his present position, course to fly 
and distance flown throughout the journey. The Model 103 is designated 
as experimental. 


AN/APA-95 

General Precision Laboratory, Pleasantville, New York. 

DESIGNED for operation with Doppler radar, this computer gives 
position in latitude and longitude and much other information as well. 
Before take-off, latitude and longitude of the departure point are set 
on the present-position counters. Latitude and longitude of the destina- 
tion are set in the destination counters. After take-off the autopilot 
is coupled to the computer and the aircraft flown automatically on a 
Great Circle course to the destination. Ground speed, airspeed and 
wind-speed are continuously indicated during this time on a speed 
dial, while a directional dial shows true course, drift angle, magnetic 


variation, true track, transverse track, course to destination, and wind 
direction. 
The present-position storage feature allows the counters to be stopped 
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The Bendix bearing and range indi- 
cator with its control panei for set- 
ting wind data and target bearing 
and range. Rapid-setting controls 
for target position are provided. 
On right, bearing and range dial. 





The dead-reckoning computer 

by the same company. It has a 

latitude-longitude setting scale 

for both position and target, and 

a dial (left) for bearing and 
range instructions. 
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for reading or setting at any time, but during this interval aircraft travel 
is stored in the computer and added to the counter setting as soon as 
indications are restored to normal continuous working. 


AN/APN-105 

Laboratory for Electronics, 75 Pitts St., Boston 14, Mass. 
NOW tested by the Weapons Guidance Laboratory of Wright Air 
Development Center, the AN/APN-105 is a fighter Desster navigator 
weighing 130 lb and requiring 7 cu ft of stowage space. It can use either 
28 V D.C. or 115 V A.C. power supplies and consists of a receiver /trans- 
mitter, intermediate receiver, present-position computer, course com- 
puter, control box and indicator. When the latitude and longitude of the 
take-off point and destination are set, APN-105 will plot a Great Circle 
course between two points and continuously display ee and course, 
track made good, distance to destination and an off-course warning in 
the form of a malfunction flag. 

A civil adaptation to indicate wind conditions for jet-stream flying is 
planned. 





Atran 
Goodyear Aircraft Corp., Akron, Ohio. 
ATRAN is simply defined as a self-contained navigation aid and prob- 
ably consists of a computer coupled with Doppler or radio aid inputs. 
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(Righa) AN/APA-95 Indicator, Position and Course, 
ith its elaborate input and output arrangements. 


























This Collins Radio AN/ARA-2]1 uses 
Tacan signals to compute a course 
between two preselected points. 


Bombing and Navigation Computers 
A.C. Electronics Division of General Motors Corp. 
THIS company is known to be engaged in the design (and possibly 
production) of bombing and navigation computers for the American 
Services, but no details of the equipment have been released. 


AN/APN-S7 


Seeburg Corp., Chicago 22, Illinois. 

COMPRISING three units, including a large indicator and control panel, 
APN-57 is a ground-position indicator giving information in latitude 
and longitude co-ordinates. 


Ground Track Plotter 
Loral Electronics Corp., New York 54, N.Y. 
ON a fiat plan-position screen this device will automatically displa 
continuous and t record of the ground track of an aircraft. e 
position of a target relative to the present position of the aircraft may 
be automatically set into the unit. Nothing further has been released 
about this equipment. 


Airborne Navigational Computer 

Loral Electronics Corp., address as above. 

THIS is defined as an accurate and compact system which computes 
and indicates ground displacement of an aircraft in rectangular 
co-ordinates from an initial fix. The control — includes power 
on/off, variation and wind velocity setting contro id a compass card 
pn 4 needles indicating drift and course. Nothing further has been 
re’ 


Automatic Short-range Ground Position Indicator 

Loral Electronics Corp., address as above. 

WEIGHING 18 lb, this computer automatically indicates ground posi- 
tion derived from airs , course and wind information. There are 
two dials, one a compass-card with several indication scales 
and the other a two-window instrument showing north-south co-ordin- 
ates and distance together and the other showing co-ordinates and 
distance in the east-west direction. Nothing more been published 
about this equipment. 


AN/ARA-21(XA-4) 
Collins Radio Company, Cedar Rapids, Iowa. 
DEFINED as a navigational computer group, this equipment is rather 
different from the other computers here descri in that.it is a develop- 
ment of Collins’ earlier NC-101 radio navigation computér, but designed 
to operate with the aid of Tacan signals supplied by a standard 
Tacan receiver. The ARA-21 shows deviation of aircraft position 
from selected course line to an arbitrary destination, with manually 
selected course, to/from indication, and flag alarm displayed on the 
Tacan course indicator. Compass course and computed course to 
the reference point are displayed on an R.M.I. dial and there is an 
indication of distance to the reference point. Bearing and distance of 
the selected reference point from the Tacan station are set in the 
counters on the control panel. 

AN/ARA-21 was designed under U.S.A.F. contract. It wei » 
21.7 Ib, less indicators wy may be duplicated, are of any 
number. of standard U.S.A.F. types). Power requirements are 25 v 
of 28 V D.C. and 40 VA or 115 V, 400 c/s, single phase. Bearing 
accuracy is approximately +1 deg. 
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| AIR DATA SYSTEMS | 





sphere through which the aircraft is flying to autopilot, 

navigation computer, fire control, instruments and other 
systems. It provides information on speed and angle of attack, 
Mach number, T.A.S., pressure altitude, free stream air tempera- 
ture and air density. The information may also be required for 
flight control and powerplant management, and for the determina- 
tion of range and flight-path in navigation. Indications from the 
standard aircraft instruments are not accurate enough to provide 
this information directly to the many systems which require it. 

The need for accuracy and speed in reporting air data means 
that for modern high-speed flight a central air data system is 
virtually indispensable. A central system is also important for 
co-ordinated operation and to avoid duplication. 

The arrangement of any particular system will be tailored to 
suit a certain aircraft, and air data computers are not generally 
items which can be bought “off the shelf.” Both British and 
American companies are producing this type of equipment, but 
so far details of American examples only have been released for 
publication. 


A N air data computer supplies information about the atmo- 


Central Air Data Computers 

Eclipse-Pioneer Division, Bendix Aviation Corp., New York 17, N.Y. 
THE company plans production of a specific central air data computer, 
but can arrange variations to custo 's requirement. Bendix recently 
received a U.S.A.F. contract worth $6,736,102 for central air data 
computers for the F-101 and F-105. They also supply this equipment 
for the B-58, together with the flight control system, manual powered 
controls and other items. 

Main components are an air data computer, a multiple output 
converter, static-pressure and angle-of-attack compensator, true-airspeed 
indicator and a combined airspeed and Mach indicator. The last two 
are the cockpit instruments. The inputs used are static and total pressure 
from the pressure head, indicated free air temperature from a sensing 
probe, and indicated angle of attack. The pressure compensator provides 
an error correction for indicated and true static pressures to the primary 
computer. 

Outputs are based on formule standardized by the Bureau of Standards, 
Wright Air Development Center and N.A.C.A. Most functions are 
computed by magnetic means, gear train shafts, cam correcters and 
differentials, and outputs are adaptable to the — requirements of 
specific aircraft. The total weight of the units listed above is 49} Ib. 


Integrated Flight Instrument System 
Kollsman Instrument Corp., 45th Avenue, Elmhurst 73, New York. 
UNDER this rather misleading name, Kollsman have produced an air 
data system primarily serving the pilots’ flight me mg It has been 
specified for the Douglas DC-8 and Convair 880 jet transports 

The system consists of a sensitive altimeter, a standard AS.L., a 
Mach meter, an angle-of-attack senser, an outside air temperature probe, 
and a computer. Servo components link the instruments to each other 
and to the computer, so that information from one instrument can be 
used to correct the indications of another. For example, both Mach 
number and angle of attack are fed into the altimeter to correct for the 
inherent error in the aircraft static pressure system. Altimeter instru- 
ment error is corrected by a scale error correcter in the computer. By 
combining Mach number with indicated outside air temperature, true 
outside air temperature and true airspeed are obtained. Angle of attack 
is passed to the A.S.I. where the minimum safe airspeed and best 
lift/drag ratio speed are indicated. 

Five pit instruments are associated with the system. The sensitive 
altimeter indicates hundreds of feet with a needle and thousands on a 
counter drum. It has overall errors of 50ft at sea level and 100ft at 
40,000ft. An A.S.I. reads from 60 kt to 450 kt; a striped needle shows 
maximum permissible speed for the aircraft’s height and a coloured 
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segment shows the regions of minimum safe speed and best cruising 
speed. A miniature instrument indicates computed true airspeed in 
knots in a veeder counter. An outside air temperature indicator and 
a Mach meter complete the set. 

In case of electrical failure, pressure readings for I.A.S., Mach and 
maximum allowable airspeed are still available and altitude indications 
revert to normal pressure accuracy. 


Air Data Units 
Servomechanisms Inc., Westbury, New York. 
THIS air data system is offered in the form of “building blocks” which 
can be plugged in to mounting units. A complete system would be 
chosen from the units available to suit the particular ai t’s require- 
ments. Among the “building blocks” available are a true-airspeed posi- 
tioner, dynamic pressure positioner, Mach number positioner and angle- 
of-attack and air-density units. The sensing elements are those chosen 
by the aircraft designer, and outputs to all the aircraft systems are in 
the form of electrical signals. 


True Airspeed System 
Norden Ketay Corp., 99 Park Avenue, New York 16, N.Y. 
ONE of a range of air data systems prepared by the company, the true 
airspeed system supplies corrected true shaped signals to the R-Theta 
navigation computer made by PSC Applied Research, Ltd. 

The unit estimates true airspeed through a floating-disc transducer 
combined with appropriate gear assemblies, bridge circuit and servo 
loops. For this purpose inputs of dynamic and static pressure from a 
pitot head and of free stream air temperature from the temperature 
probe are used. The output to the computer is by synchro signal. 





| MASTER GYRO REFERENCES 





[- has been the practice to provide separate references for each 
item of aircraft equipment requiring heading or attitude 
stabilization. Panel instruments, autopilots, radar aerials, cameras 
and many other items have in many cases had their own vertical 
and directional gyros, each with its own reliability and mainten- 
ance problems and each with its own particular characteristics. 
In addition to the cost and complication of such an arrangement, 
single attitude-gyros have the disadvantage that they cannot be 
made to perform accurately during any-attitude manceuvres. 
Most horizon-type gyros can now follow 360 deg in roll and up 
to 85 deg in dive or climb, but beyond this latter limit they lock 
against the stops and require a little time to re-erect, or to be 
re-erected by special devices. 

The purpose of a master reference gyro, or stable platform, is 
to provide a single central reference for gyro heading and attitude 
which will eliminate multiple installations and also provide an 
attitude and heading reference which, by employing several gyros 
and a comprehensive gimbal system, will accurately function 
throughout any aircraft manceuvre. The required signals on 
attitude and heading are supplied to the user systems in the form 
of electrical or synchro inputs. 

An incidental advantage of the use of a stable platform refer- 
ence is that gyroscope flight instruments can be mounted on a 
sloping panel, whereas integral-gyro instruments always require 
vertical mountings. In certain installations the master gyro plat- 
form could be duplicated, thereby providing every user system 
with a stand-by signal source. Duplication in half-a-dozen 
different systems is not generally practicable and failure of a 
particular gyro means loss of service of its related system. , 

A super-accurate stable platform is the heart of an inertial 
guidance system. The units described below are not necessarily 
accurate enough for such applications, although they offer 
accuracy as good as, or better than, that of any previous gyro 
system. Several U.S. companies are engaged in designing and 
producing both types of stable platform. 


Master Reference Gyro Type A.5 
S. G. Brown, Ltd., Shakespeare Street, Watford, Herts. 
Developed from an R.A.E. design concept and sponsored by the M.o.S., 
the Master Reference Gyro Type A.5 consists of two gyros mounted 
in a servo-operated platform which provides vertical and azimuth 
reference. The vertical gyro is monitored to gravity by the operation of 
mercury switches, which are a form of accelerometer. The azimuth 
gyro is monitored to the magnetic fluxgate element of a specially 
developed compass system designed to operate with the M.R.G.(A). 
The platform is itself controlled by the gyros and therefore provides 
information on attitude and heading which is electrically transmitted 


to instruments, autopilot, radar aerial stabilizer and, sometimes, the 
weapon system. 

The vertical gyro has its inner primary gimbal axis parallel to the 
roll axis of the aircraft and its outer primary gimbal axis parallel to the 
aircraft pitch axis. Since they are the sensitive mountings for the atti- 
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The S. G. Brown, Ltd., Master Reference Gyro M.R.G.(A)5. 
A, platform roll slip-ring assembly; B, azimuth slip-ring assembly; C, azimuth 
output synchro; D, relays; E, azimuth torque motor magnet; F, azimuth gyro; 
G, relay; H, elevation servo; |, ‘Bell’ pitch gimbal. 


tude gyro, these axes must be as free as possible from spurious torques. 
The azimuth gyro has its spin axis normally horizontal and, because the 
second primary gimbal axis is normally vertical, it need not be critically 
free from torque. A normal anti-topple servo loop is applied to this 
gimbal system to precess the azimuth gyro so that its spin axis remains 
horizontal. 

The actual stabilized platform consists of two fork members, forming 
one rigid element, mounted on a connecting shaft passing through the 
centre of the system. This forms the elevation axis of the main platform 
and is in turn mounted on the roll axis, which is itself fixed to the 
M.R.G.(A)’s outer chassis. When the device is installed, the roll axis 
of the platform is parallel to that of the aircraft. 

The two main platform axes each carry a servo motor, connected 
through reduction gearing, a synchro and other angle transmitters. 
While the servo motors drive the platform into the correct position, 
the synchros provide attitude information outputs. A pair of mercury 
switches sense whether or not the platform is aligned to the ap t 
vertical, and control torque motors which precess the gyro accordingly. 
The mercury switch control loop is similar to that of a normal artificial 
horizon and has an erection time constant equivalent to about 100 secs. 
The vertical gyro, in its turn, controls the angle of the stabilized plat- 
form through pitch and roll signal potentiometers whose yoltage oper- 
ates pitch and roll servos through magnetic amplifiers. The platform 
can virtually be considered to be slaved to the vertical gyro. 

Just as the vertical gyro acts as a smoothing device to the information 
on the direction of the apparent vertical given by the mercury switches, 
so the azimuth gyro acts as a smoothing device to the heading informa- 
tion obtained from the fi te element in the aircraft. For this purpose 
an azimuth synchro si is compared with that from the fluxgate 
element, differences being amplified and used to operate the azimuth 
torque motor. When the fluxgate element becomes unreliable in extreme 
attitudes the connection is cut and the gyro stores the heading reference. 

Gimbal locking during extreme manceuvres is avoided by an extra 
degree of freedom obtained by exercising the primary roll gimbal for 
the vertical gyro and, if necessary, the inner azimuth gimbal for the 
azimuth gyro. 

Outputs from M.R.G.(A) are in the form of three-line synchro, 
resolver and potentiometer signals for pitch and bank, respectively oper- 
ating the pilot’s attitude indicator, radar stabilization and autopilot. 
Azimuth output is in the form of a three-line synchro. 

A special starting cycle permits the platform to be brought into full 
operation only 20 secs after applying power. For vertical climbs (angles 
of over 88 deg) the signal to the bank servo is cut and the platform 
“idles” in its position until the aircraft starts, by more than two degrees, 
to level out on its back. The platform is then in a position of gimbal 
lock, but the gyros are still untoppled. A contact on the roll axis of 
the vertical gyro detects any yaw out of the vertical and switches the 
platform gimballing system out of the high climb phase back into normal. 
In climbs steeper than 75 deg the electrical gain between roll-signal 
potentiometer and bank servo is increased to enable the bank servo 
to swing the main platform round fast enough. 

Pitch-bank erection is applied to the vertical gyro in turns faster 
than 20 deg/min, this rate being sensed by a special component fitted 
to the azimuth gyro. : - 

The specification accuracy of random wander in the gyros is +} 
deg/min and an accuracy of +4 deg in the vertical datum is obtained 
in unaccelerated flight. M.R.G.(A) is mounted in a sealed container 
filled with inert gas. ei 

A normal M.R.G.(A) installation will include a distribution box, 
pilot’s attitude indicator, and a Mk 5 compass fluxgate, amplifier and 
heading indicator. Power supplies are 1 A maximum at 24 V D.C. 
and 125 VA (450 VA during the starting cycle) at 115 V, 400 c/s, three- 
phase. 
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Three-Gyro Stable Platform 
Eclipse-Pioneer Division, Bendix Ayiation Corp., New York 17, N.Y. 
WEIGHING 28 lb without its shock-mounting, this unit is contained 
in a helium-filled, hermetically sealed case. Based on three single- 
degree-of-freedom gyros, it is fully free and can register 360 deg attitude 
changes about any aircraft axis without gimbal lock. It can follow 
continuous loops of more than 30 deg/sec. Azimuth drift rate is 1 
deg/hr maximum and vertical drift rate 2 deg/hr maximum. Erection 
time from any position to within 1 deg of vertical is 2 min after power 
is applied. Power requirements are 75 W at 115 V, 400 c/s, three- 
phase, and 20 W at 26 V D.C. 

The centre of the device is the stabilized element containing three 
hermetically sealed, single-degree-of-freedom gyros arranged to form 
three planes—pitch, roll and azimuth. This element can either be used 
as a free (space reference) platform or as a platform slaved to the 
earth’s gravitational field. 

Slaving to true vertical is accomplished by the use of two very sensi- 
tive mercury-thallium switches, located at 90 deg to each other to 
monitor the horizontal position of the platform. The sensitivity of 
these switches is in the order of plus or minus three minutes of arc; 
and each is connected to an electro-mechanical integrater and thence 
to control or slave one of the vertical gyros. The integraters compensate 
for long-term causes of platform drift. Accuracy to vertical is expected 
to be about + 5 to 6 min of the resultant vertical. 

Each of the three gyro gimbals is connected to a torquer whose 
function is to correct for disturbing torques. Four synchros mounted 
on the main gimbal axes measure the degree of rotation of the case 
relative to the gyro group and transmit proportional signals to the 
aircraft systems. 

The platform’s main gimbals are arranged in the following manner. 
The basic or azimuth gimbal is linked to the main frame of the unit 
through a system of three additional gimbal rings, the inner roll gimbal, 
pitch gimbal and follow-roll gimbal. These allow the airframe to move 
without disturbing the horizontally orientated platform and also measure 
all angular motions of the airframe. The follow-roll gimbal, which is 
interposed between main case and pitch gimbal, has the main function 
of preventing gimbal lock during inverted flight. Roll and pitch angle 
measurements are obtained from the follow-roll and pitch gimbals; and 




























The heart of the Eclipse-Pioneer stable platform for central instrument 
reference purposes. It is normally enclosed in a hermetically sealed 
container filled with helium. 


azimuth measurements from the inner platform or azimuth gimbal. 

To provide gyro-magnetic compass-type indications the platform can 
be slaved to a magnetic compass transmitter. Signal outputs from the 
platform are in the form of transmitting Autosyns for azimuth and 
pancake Autosyn from the inner roll, pitch and follow-roll gimbals. 

The unit is shock-mounted for 30 g, with manually adjustable 
levelling of 5 deg on the horizontal plane; and means are provided for 
periodical checking of platform vertical. Special materials are used to 
avoid disturbance of c.g. balance with differential expansion 
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Towards Complete Integration 


a shibboleth for designers of both aircraft and airborne 

equipment and systems, whether such products be for com- 
mercial or for military applications. The development of aviation 
since the Wright brothers first took the air at Kitty Hawk has, in 
fact, been almost a continuous process of integration of man and 
machine; and the aircraft is today the outstanding example of the 
combination of human and mechanical engineering. Yet, although 
this fundamental integration of man and machine has been vital 
to success at every stage in development, all the essential services 
have rather been treated separately, so that progress towards an 
integrated whole has been limited to a greater or lesser extent by 
the state of progress of each particular section. 

Thus the philosophy of integration, considered as the grouping 
of the various services in an aircraft, must be viewed against the 
background of the development of each separate part or service, 
without forgetting that, while the mechanical sciences have 
advanced enormously during the past 50 years, the inherent cap- 
abilities of the human brain and body have remained much the 
same. 

These considerations apply particularly to the development of 
flight instrumentation and aircraft controls. For the former, the 
main aim throughout the history of aviation has been to supple- 
ment, and in some cases to compensate for, the limitations of the 
pilot’s eyes and other senses so that he may fly his aircraft in 
poor visibility or in the indeterminate surroundings of high speeds 
and altitudes. It has also been the purpose to reduce to a minimum 
the ill-effects of bad weather on regular operation;of both com- 
mercial and military aircraft. 

In the pioneering years, pilots flew almost entirely by day, rely- 
ing on their airspeed indicators and altimeters. They navigated by 
map-reading and their magnetic compasses. If they lost their way 
or the weather got too bad they could land; almost any large, flat 
field was a potential aerodrome. The pilots of the early night-flying 
mail aircraft in the early 1920s were no better equipped, though 
if the stars were visible a certain amount of astro-navigation was 
possible. 

The introduction, towards the end of World War 1, of a turn- 
and-slip indicator enabled the pilot to achieve a properly co- 
ordinated turn. But use of this instrument and a magnetic compass 
for long periods called for continuous and intense concentration. 


r I NHE word “integration” is rapidly becoming something of 


By 1929 the aeroplane had progressed to the stage where it was 
essential, if development was to continue, for the pilot to be 
provided with additional instrument aids to enable him to fly when 
external references were invisible. The original directional gyro 
and gyro horizon filled this requirement. 

The whole process up to the middle 1930s, at least, had involved 
the steady addition of more and more instruments on the panel, 
each one performing a specific function to fill in a gap in the pilot’s 
own capabilities and helping him to solve one particular problem. 
But they were all dependent upon the pilot’s brain being capable 
of assimilating the many indications, of interpreting them and of 
basing on them a definite course of action. In other words, the 
pilot’s brain was functioning as a computer with a considerable 
number of inputs. 

Then came a significant change, for it gradually became apparent 
that there was a limit to the number of different items of <n 
tion which the brain could assimilate and sort; the problem was 
aggravated by ever-increasing speeds, altitudes, stage-lengths, and 
complexity of aircraft. At the same time, the demand for in- 
creasingly regular operation, for both military and civil purposes, 
put an even greater strain on the human crew. The instrument 
designers began to realize that they could not go on adding new 
dials to the panel indefinitely, and that some form of concentration 
or integration was desirable. 

The problem was tackled in two ways. Firstly, the different 
instruments on the panel were grouped rationally so that the 
scanning distance between instruments was reduced to a minimum. 
This was the foundation of the blind-flying panel. Secondly— 
and beginning to find favour especially in heavier aircraft—an 
automatic pilot was introduced to relieve the pilot of routine flying 
during cross-country journeys. 

The automatic pilot itself had been demonstrated as a feasible 
proposition as early as 1913, but it was not until the longer-stage 
flying of the 1930s that it became a necessity; and parallel develop- 
ment was undertaken by Sperry and other companies in America 
and by the Royal Aircraft Establishment in Britain. In the latter 
case, the R.A.E.-designed Mk 1, Mk 4 and Mk 8 automatic pilots 
were essentially intended for bomber aircraft. For commercial 
purposes Sperry largely had the field to themselves on both sides 
of the Atlantic. For example, the autopilot became accepted as 
a valuable aid to the pilots of the Short flying-boats, opening up 

















486 FLIGHT, 12 April 1957 


Autopilot to Flight-control System . . . 


the long Empire air routes for Imperial Airways in the late 1930s. 

As far as concentration of panel instruments was concerned, the 
first and probably most important group to be tackled was that 
giving heading information. Various forms of gyro-magnetic 
compass were Fee mm g in the 193@s to combine the magnetic 
compass and directional The R.A.F. distant-reading com- 
pass originally conceived y Air Ministry and S. G. Brown, Ltd., 
in 1934, was put into full-scale production for bombers and was, 
in fact, a standard instrument throughout World War 2 in heavier 
Service aircraft. In America, Sperry and Pioneer were working on 
the same problem and examples of the result of their efforts were 
the Sperry “slaved” gyro-magnetic compass in 1937 and the 
Pioneer gyro-fluxgate compass which was widely used in U.S. 
military aircraft during World War 2. These were the forerunners 
of the present day Sperry “Gyrosyn,” Bendix, Kelvin Hughes and 
other gyro-magnetic compasses which are now almost universally 
used in all but the smallest and simplest types of 

The gyro-magnetic compass was a step in the right direction, 
but the number of instruments required continued - grow as all 
forms of radio aids, including Lorenz, Standard Beam Approach, 
homing and, for military purposes. , Gee and the other position- 
fixing radio aids came to Poe adde added to the ‘range and sco vy of 
instrument information required at various times durin 

From the purely military point of view, during World “war: 2. 
bombing aids and weapon sighting instruments were added, and 
these still further aggravated the problem. Towards the end of the 
war it became obvious that, for accurate bombing, much 
integration of aircraft-control and weapon-sighting was needed; 
and this laid the foundation for the modern electronic automatic 
pilots which are now almost a standard fitment in heavy transport 
as well as bomber aircraft. The combination of the American 
Norden bomb-sight and Minneapolis-Honeywell electric autopilot 
or the Sperry integrated bombing and autopilot system were 
widely used in Liberators and Fortresses. Work along similar lines 
for the British Services was carried out under the guidance of 
R.A.E. and based on the Mk 14 bombsight, D.R. compass and 
Mk 8 autopilot. Thus, for bombers, a stage had been reached by 
the end of World War 2 where there was a large degree of 
integration of gyro-magnetic compass, autopilot and bomb-aiming 
equipment. 

At this stage it is of advantage to digress for a while from the 
main theme of integration and concentrate on the development of 
autopilots, i.e., of the basic automatic control equipment. 

This equipment can be divided largely into two general cate- 
gories: firstly, that which assists the pilot to fly his aircraft more 
efficiently in the face of stability limitations in the basic air- 
frame; and, secondly, that which relieves fatigue during flying for 
comparatively long periods. Into the second category, of course, 
fall all those civil autopilots of the pre-war era and, to a lesser 
extent, the military equipments of the same and rather later years. 
These were essentially displacement-type autopilots which, with 
references about all three axes, worked t all three control 
channels. The majority had facilities for superimposition 
of manual control so that normal flight manceuvres such as 
turns, climbs, and descents could be executed by overriding the 
outopilot. 

But for military purposes—and it was here that the greater 
autopilot development effort was applied—the initial emphasis 
was rather different. For example, the original Mk 1 autopilot, 
developed by R.A.E., was intended — as a stabilizing 
control for bombing. It was nominally a two-axis control for 
rudder and elevators only, used a single conventional displacement 
gyro, and corrected yaw and pitch disturbances. In fact, an indirect 
control about the roll axis was achieved by the gimballing effect 
of the inclined gimbal-axis of the gyro. Later versions, from the 
Mk 2 up to the Mk 7, utilized a separate aileron-control gyro and 
servo system in addition to this rudder/elevator control. Other 
forms of early military auto — such as the Pollock Brown and 
some German Siemens and Askania types, were two- or single-axis 
systems principally concerned with the steering and pitch func- 
tions. But once the value of the stabilizing effect in these two axes 
was appreciated there came a tendency to adopt a control on the 
third axis, either by means of an additional pee gyro-reference 
and servo-channel or by some form of tion of all three 
channels. 

Further development of airframe design, bringing improvement 
of aerodynamic stability, particularly about the yaw axis, tended to 
reduce the importance of the rudder-contro! function, thus allow- 
ing the design of autopilots for control through ailerons and 
elevators only. A notable example of this predominantly aileron/ 
elevator of control was the R.A.E. Mk 8 autopi'ot widely used 
in R.A.F. ber aircraft during World War 2. This was a dis- 
placement-type autopilot utilizing a single, gravity-controlled, 
inclined-axis gyro to provide pitch and roll reference. A short-term 
yaw reference was provided indirectly by gimballing effect and 


the long-term heading reference was supplied by signals from the 


















The Curtiss F-Boat in which Lawrence Sperry first installed a pean. 
It is here seen in France—on the Seine—in 1914 


D.R. compass. Control was applied by pneumatic servos to the 

aileron ante elevator channels only. Complete manual override was 

possible | for climbs, descents, and turns; and a novel means of 
jinking” or a ee action, was incorporated. 

As aircraft development continued it became apparent that the 
aerodynamic characteristics or short-term stability of the airframe 
would not be sufficient to damp out the inherent tendency of the 
purely displacement-type of automatic control to hunt about the 
mean flight-path, although various artificial methods were adopted 
in the follow-up or feed-back function of autopilots to reduce this 
hunting to a minimum. Thus a rate function was introduced and 
(at least in the earlier stages) added to the displacement function 
about one or more axes to provide a damping factor in the auto- 
matic control system. In some cases the second derivative, i.e., an 
acceleration term, was added; but until com tively recently, 
with one or two notable exceptions, acceleration terms were not 
considered to be of major importance. 

Before rate terms were incorporated, most autopilots had em- 
ployed vacuum-driven gyros and either pneumatic or hydraulic 
signalling and actuation. But the Pollock equipment was 
significant in that it was entirely hydraulic in operation, except for 
an electrical system for applying manual override. The inclusion 
of rate, and particularly the mixing of rate with displacement 
terms, was much easier to achieve in electrical signalling systems; 
and for this and other possibly more important reasons electrical 
operation was introduced into autopilots. One of the most elab- 
orate early electrical designs was a German three-axis control, the 
joint product of Askania, Patin and Siemens, which, quite early 
in the war, incorporated displacement, rate and acceleration terms. 
The displacement and rate references were obtained from electric- 
ally driven displacement and rate gyros, and the acceleration term 
(about the pitch axis only) from a fore-and-aft linear accelerometer. 
The various pick-off signals in each control channel were suitably 
mixed in a galvanometer type ¢ of movement and the output was 
used to control a rotary electrical servo coupled to the aircraft 
controls. This equipment was especially interesting as it was one 
of the first examples of an autopilot in which control was by the 
rate of application of control, i.e., a servo s was made pro- 
portional to the control signals and no follow-up system was 
required. 

In America, the Minneapolis-Honeyweil electric autopilot was 
another early example of the new technique of combining rate and 
displacement. But here just two displacement gyros were used, 
one vertical and one directional, the rate function being obtained 
for the yaw plane by an ingenious viscosity throttle / potentiometer 
device which, o ted by the directional gyro, supplied yaw dis- 
placement Rate and displacement control wa: ied oo 
in the yaw sien, the other two planes being canatied wl 
according to displacement. Control signals were ee 

— to operate the electric servos coupled to all three control 

aces. The interaction between the three control surfaces was 
particularly carefully studied in order to achieve proper co-ordina- 
tion during disturbances or controlled manceuvres. 

In America, too, the Sperry A-5 began a long line of electronic 
autopilots, developed initially for precise aircraft control to pro- 
vide a stable bombing platform. In this equipment electrical 
differentiation of displacement signals was used to provide both 
rate and acceleration terms and the electrical and ic cir- 
cuitry enabled a number of additional features to be incorporated, 
such as automatic airspeed control, height lock and, later on, radio 
ap ch couplers. 

y this time (shortly after World War 2) the ag me military 
beaiber and transport and civil airliner requirements had become 
very similar. But the development story may be interrupted here 
by recording one seme ond autopilot which caused a substantial 

ion of Flight readers acute discomfort towards the end of 
orld War 2, namely, that in the V.1. This was a rudder-and- 
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elevator control only, since the requirement was largely for steering 
and height-holding. For this purpose a single inclined-axis dis- 
placement gyro was coupled to two rate-gyros, one for pitch axis 
and one for yaw. An electrical precession control on the displace- 
ment oy ake was applied from a compass pick-off, and a mechanical 
linkage joined the barometric altitude control to the displacement- 
gyro frame. Thus the autopilot could be set to put the weapon 

on a fixed compass heading and to make it climb to and hold 
a preset height. 

ntil the advent of the more sophisticated, precision aircraft- 
control systems of the later war years and the post-war period, 
and the advent of jet propulsion, military autopilots had in effect 
combined both short-term stabilization about one or more axes 
and long-term steering and pitch control as dictated by aero- 
dynamic characteristics and the need to relieve pilot fatigue. Prac- 
tically all manual flying controls had up till then been purely 
mechanical with no servo- or power-assistance. 

Jet propulsion brought much er speeds and a substantial 
increase in short-term instability. ese factors, allied with the 
much higher stick-forces required to move the control surfaces, 
radically altered the requirements and introduced the need both 
for power assistance in the manual control channels and for auto- 
stabilization in yaw, in pitch and (later) in roll. Requirements 

nded until present Service high-speed aircraft invariably have 

ydraulically-powered control system for all three axes, with 
servos providing all power for surface movement, while artificial 
“feel” is applied to the control column. Separate auto-stabilizer 
detectors and servos provide short-term stabilization. The engin- 
eering of these manual powered-control and auto-stabilizer systems 
has been handled by aircraft constructors themselves, and by such 
firms as Automotive Products ((Lockheed Servodyne), Messier, 
Hobson and Elliott Brothers. Fairey and Boulton Paul, as con- 
structors, have also offered their systems to others. 

In fighter development up to the present day, it has become 
increasingly apparent that the pilots not only need powered- 
control assistance and short-term auto-stabilization, but also some 
form of completely automatic control, especially for weapon- 
system handling; and here a direct comparison may usefully be 
drawn with the guided missile. It has frequently been stressed that 
the human pilot’s greatest asset is the power of judgment for which 
no economic and efficient machine substitute has yet been devised. 
In the missile the human command is applied from outside, either 
by presetting or programming of the automatic control or by 
continuous radio (or other) control. The German V.2 is an early 
example of both these methods. In the first models, remote radio 
control was used to cut off propellant supply for ranging, while 
later models carried an integrating gyroscopic accelerometer to 
provide a p ed or pre-set range-control. 

In the manned fighter the human command is, of course, applied 
by the pilot, but he requires as much mechanical aid as possible to 
give him the necessary time to decide his course of action. Thus 
the “weapon concept” of today, applied to a manned fighter, 
demands the greatest possible degree of integration and auto- 
maticity, particularly in the aircraft/powerplant and weapon- 
system combination, with the human pilot as the overriding 
monitor. The pilot needs information to enable him to carry out 
the monitoring function, and integration of instruments therefore 
assumes vital importance. 

But before elaborating on this theme of complete integration it 
would be worth while to continue the story of the control func- 
tion. The pace of development in the last few years has been so 
fast, and the specialized problems presented to the systems de- 
signers so increasingly complex, that history has tended to repeat 
itself once again. Each new requirement or aid has been developed 
on its own with ever-narrowing speci tion in each aspect or 
function. The aircraft designer has had to build bigger and better 
aircraft. The powerplant designer has had to achieve ever-higher 
thrusts to carry more and more equipment required to mee the 
bigger and better aircraft. For example, in the control function 
alone, manual powered-control required its own specialized 
hydraulic valves, artificial feel units and actuators; the auto- 
stabilizer needed its own scopic and accelerometer sensors, 
amplifiers and actuators; th autopilot needed its own gyro and 
other references, amplifiers and actuators or servos; and al] had 
their own adequate duplication to ensure reliability and safety. 
One particular aircraft carried no fewer than seventeen separate 
actuators or servos to operate its control surfaces. 

Somebody at this stage must have recalled the advice of the late 
Mr. William Stout, the distinguished American designer, and 
decided that it was about time to “simplicate and add more light- 
ness.” It has become apparent that a much greater degree of 
integration of all control functions will in future be demanded in 
order to reduce unnecessary duplication. The result has been the 
establishment of co-ordinated teams such as the Elliott-Hobson 
consortium, Smiths and Messier collaboration, and Sperry’s in- 
tegrated control-system project; and there is much closer liaison 

















Autopilots assisted in the flying of the Empire air routes with the Empire 
flying-boats. The photograph shows “Cavalier” on the water at Bermuda. 


between aircraft constructors’ own systems-design teams and the 
specialist gyroscopic, hydraulic and electronic designers and 
manufacturers. 

Displacement first- and second-derivative sensers with elec- 
trical and mechanical signalling and hydraulic actuation form the 
commonest combination for such joint projects. Integrated control 
systems are being designed in such a way that they can (and, 
indeed, must) be capable of still further integration with the 
powerplant control, radio, radar, automatic navigation, weapon 
systems and pilot’s instrument disp lay. 

In America similar lines of development are being followed. The 
Lockheed F-104, for example, is an advanced illustration of this 
trend, while, a year or two earlier, an F-86D Sabre in Korea used 
an advanced weapon-control system with a substantial degree of 
integration and achieved considerable success. With a U.S. Army 
major as sole occupant, it shot down a Mig-15. Of the F-104 it has 
been said that, if a failure occurs in one of the three axes of the 
automatic control system, the pilot might just be able to get the 
aircraft down on the ground in one piece. If two axes fail he 
bales out. 

On the subject of present high-performance aircraft controls, it 
is of interest to quote the American Mr. Wi Lear, who is 
well known for his part in the development of such systems. He 
said that in the early days “the pilot placed [the autopilot] in 
operation cautiously, without confidence that it wou!d work satis- 
factorily. A few years hence some particularly daring pilot may 
even more timidly turn off his automatic flight control system 
just in order to see what will happen. 

For military aircraft of the V- bomber, B-52 and B-58 type, there 
is a similarity of basic requirements, as far as the control function 
is concerned. But to give a clear picture it is advisable to trace 
development from the end of World War 2 because, for obvious 
reasons, certain characteristics and influences differ ‘substantially 
from those of fighters. There has, of course, always been a very 
close parallel in development between military and civil heavy 
aircraft, if only because many of the successful airliners of today 
owe their existence to the financial resources made available to the 
aircraft industries on both sides of the Atlantic by governments 
with predominant interest in defence. While the bomber requires 
a control system to make it a stable platform in the target area, 
passenger comfort in a civil airliner requires the most stable 
flight-path possible all the time. Both transport and bomber need 
as much relief for the pilot as possible on long-range flights and 
also the precise cruise control which, over long periods, can be 
more adequately —— by automatic control. 

Immediately after the war most civil airliners were adapted 
military aircraft; and the autopilots of “civilized” C-47s, Lancas- 
trians, Yorks, Sunderlands, and Liberators remained in the air- 
craft. These autopilots were mostly of the Sperry A.3 three-axis, 
pneumatic/hydraulic displacement type. In addition, the first 
specifically civil designs of the 1945-1948 years were similarly 
equipped, including the Viking, Bristol Freighter and Wayfarer 
and the early DC-4s and Constellations. But the possibilities of 
electrical operation had been increasingly appreciated in military 
circles and the Sperry A-12, Pioneer-Bendix PB-10, the com- 
pletely new Smiths electric autopilots, the Mk 9 (S.E.P.1) and 
Mk 10 (S.E.P.2), all of them originally designed to military require- 
ments, were widely adopted 

These were much more sophisticated to provide precise control 
both in transit and during autopilot-coupled automatic approaches. 
The Sperry and Pioneer-Bendix equipments combined displace- 
ment and rate, the latter information by means of electronic 
differentiation of the displacement-gyro signals which. after ampli- 
fication, drove electrical servos coupled to all three control 
channels. Refinements such as automatic trim-tab contro] and 
height-locks were added. 

The Smiths team, under the direction of Mr. F. W. Meredith, 











The captain of the U.S.A.A.F. C-54 which flew the Atlantic under 

programmed automatic control in September, 1947. Autopilot, radio 

aid- and approach-coupling were used together with a crude form of 
round-out adaptor for the automatic touchdowns. 
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who had been one of the R.A.E.’s leading autopilot specialists 
throughout the Mk 1 to 8 design period, made a new approach. 
A stable platform was arranged to give pitch and roll data— 
through rate gyros for short-term references and pendulum moni- 
tors for long-term references. A third rate-gyro, also mounted on 
this platform, gave a short-term yaw datum, the long-term heading 
reference being obtained from the aircraft gyro-magnetic compass. 
Electronic servo-amplifiers for each control channel were used to 
mix and amplify the reference signals and cause the electrical 
control servo motors to run at a speed proportional to the rate of 
displacement. The Smiths autopilots therefore function essentially 
as rate/rate controls. 

A substantial measure of integration of basic autopilot gyro 
reference systems, gyro-magnetic compass and radio aids was 
achieved in this generation of autopilots; and they were all (and 
still are, since all but the very latest aircraft are so equipped) 
capable of controlling the aircraft completely automatically for 
long periods. When used with radio-beam couplers, they can 
automatically fly V.O.R. radial bearings and make I.L.S. 
approaches. 

An interesting experimental flight is worthy of note. In 1947 
a U.S.A.A.F. C-54 took off, flew across the Atlantic and landed in 
Britain entirely under automatic control. (See Flight, October 9, 


An illustration of the inputs and outputs in an automatic flight-control 
system. The pilot's task is mainly that of monitoring visual references 
and selecting autopilot operating functions. 
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1947.) The airborne radio and electronic equipment was complex 
and correspondingly heavy, but a more or less standard autopilot 
was used. 

Yet further integration, particularly of instruments and auto- 
pilot, was desirable, and here the development of flight instru- 
mentation can be re-introduced into the story. After World War 2, 
electrical operation was rapidly adopted for the gyro horizon as 
well as for the gyro-magnetic compass. The development of 
accurate electrical repeater-transmission systems—especially A.C. 
synchros, but also electrical and electronic valve and magnetic 
amplifiers—was sufficiently advanced to give designers a wide 
choice in coupling and mixing reference signals in a great variety 
of networks. 

As the techniques developed it became possible to apply a 
logical and practical approach to the integration of all the basic 
aircraft-control functions. The references of attitude, heading and 
position required by both the human and automatic pilots were 
in fact identical; and, for heading, the gyro-magnetic compass had 
already been made to give both visual and electrical information 
outputs. The same applied in the case of the V.H.F. radio aids. 
Pick-offs applied to the pilot’s artificial horizon movement to give 
the autopilot, too, a pitch-and-roll attitude reference facilitated 
similar integration; and a number of current installations make 
use of this method. Notable examples are the Mk 11 and Mk 12 
autopilots. The early Sperry A-3 incorporated the same duplica- 
tion of reference function, but in a rather different way, because 
the bank-and-pitch and directional gyros, which primarily served 
the autopilot, were mounted in the instrument panel to give the 
pilot indications as well. 

The next step in the process is clear. It is to provide a master 
reference system for both the pilots’ instruments and the automatic 
control system. Many of the new large civil and military aircraft 
have completely integrated autopilot and instrument reference 
systems, in which the pilot’s indicators are simply visual repeaters 
operated by the master gyro and other references. The Smiths 
Flight System (S.E.P.2) is incorporated in later Viscounts and 
Britannias, the Sperry S.P.20 and Integrated Instrument System 
in the DC-7C, and the Pioneer-Bendix PB-20 is destined for many 
types. These are good examples of current practice, and there is 
little doubt that development in the next few years will be con- 
centrated on providing more accurate, stable master-references 
~~ on improving repeater-presentation of information for the 
pilot. 

Master reference systems for aerological data, aircraft attitude 
and navigational information have been described in foregoing 
sections of this review. 

A revolutionary concept of flight instrumentation, developed 
some years ago, is the flight director, which was first successfully 
introduced in 1948 with the Zero Reader Flight Director. The 
underlying theory is that an aircraft can, in the final analysis, only 
be made to fly up or down, or left or right; and, disregarding power 
settings for the time being, this is achieved solely by the pilot’s 
movement of the control column or by the autopilot’s commands 
to its servos. The pilot has to use his brain to compute all the 
information presented to him and decide on a course of action. 
The automatic pilot computes the same information automatically 
and decides on the same course of action in the same circumstances. 
The speed of operation of a mechanical computer is vastly greater 
than that of the human brain and, as aircraft speeds, traffic control 
problems and general complexity of aviation grow, speed of 
decision is the very essence of safe and efficient operation. 

Thus, the flight director functions as the mechanical computer 
to resolve the course of action dictated by a given set of circum- 
stances and gives the pilot instructions for achieving the required 
flight-path. It is this concept which will govern future progress. 
The pilot is still the only agent who can make free judgments, but 
his brain must be odleved of tedious and tiring computation in 
order to give him time and the “tranquillity of spirit” to carry out 
the one function which only he can perform—to deliberate and 
think constructively. The incorporation of the flight director 
technique is thus an essential feature of all the new integrated 
instrument and control systems for aircraft. 

The wheel has turned full circle. The autopilot began as a 
means of relieving the pilot of strain on long flights. It grew from 
a relief to a basic requirement of present-day aircraft. But all its 
computations and manipulations, all the complex processes and 
controlling functions it is able to perform, are still essentially aids 
to the pilot. And that now ennobled person is able to apply to 
the management of his aircraft that power of judgment which 
differentiates his kind from everything else in the universe. The 
relationship between human and automatic pilot is very much like 
that between the mythical commander and crew of the U.S.A.F. 
B-36. At take-off (goes the story) the engineer calls “Six turning 
and four burning” and the co-pilot, reading off the increasing 
speeds like a ship’s leadsman calling soundings, steers the mighty 
craft down the runway. At the critical moment the commander 
lays aside his large cigar, remarks “I have it,” and hauls the 
bomber off the ground; then, retrieving his cigar with a laconic 
“You have it,” returns to his deliberations on the coming mission. 
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| CURRENT FLIGHT CONTROL SYSTEMS | 





Smiths Flight System 
Smiths Aircraft Instruments, Ltd., Cricklewood, London, N.W.2. 
THIS system has been designed to provide a complete, rationalized 
installation for instrument and flight-control of large transport aircraft. 
Its services are available throughout all stages of manual, director instru- 
ment and autopilot control. Safety and simplicity, in particular, have 
been carefully studied. 

The system consists of a Smiths S.E.P.2 autopilot (installed in, among 
other aircraft, the Valiant); twin compass system serving both autopilot 
and director instruments; duplicated Flight System director instruments 
(described elsewhere) with their own twin vertical gyro and comparator 
unit; and the necessary selectors, control box and compass controllers. 
The twin compasses monitor each other, each serving one of the beam 
compass instruments. One will continue to function normally in case 
of failure of the other. The twin gyro verticals function similarly, and 
are linked with the twin compass system to provide pitch/bank erection. 
If one compass fails this facility is lost, but no undue inaccuracy in the 
attitude reference system will follow as a result. The twin gyro verticals 
serve only the director instruments. 

The S.E.P.2 autopilot has rate gyros and pendulum monitors for short- 
and long-term stabilization in roll and —_. with a rate gyro and 
compass reference for the yawing plane. ¢ servo motors are made to 
run at a speed proportional to the rate of displacement of the aircraft, 
and the system Is therefore termed rate/rate. Knob control is provided 
for pitch and bank, together with heading selector control from the 
compass for desired headings. Height lock, speed monitoring and radio 
bearing- or approach-coupling are also part of the system. Rudder, 
aileron and elevator channels can be separately disengaged. 

When first engaged the system will hold the heading obtaining at the 
time. When a new compass heading is selected the autopilot will not 
turn the aircraft on to it until the “alter heading” button is pressed. 
Beam coupling is so arranged that the aircraft can be set to intercept 
the beam at any angle under knob control without losing or disrupting 
the coupling feature. , : 

The Smiths Flight System is standard equipment in B.O.A.C. 
Britannias. When the complete oy is employed, it provides 17 
instrument functions with only eight instruments. 


Integrated Flying Control System 
Elliott Brothers (London), Ltd., Century Works, Lewisham, London; 
H. Hobson, Ltd., Fordhouses, Wolverhampton. 
DESIGNED to integrate the manual and automatic aircraft control 
functions, the Integrated Flying Control System is the joint work of 
the two companies noted above. It combines hydraulically powered 
controls, auto-stabilization and comprehensive autopilot facilities, offer- 
ing improved performance, a reduced number of components, low 


weight and size. ; : : 
Auto-stabilizer and autopilot control signals are electrically passed 







COMPASS 
SYSTEM 


General arrangement of the 
Lear L-10 fighter autopilot. 
1, stiek-top controller; 2, side- 
slip senser; 3, pitch, yaw and 
roll rate gyros; 4, hydraulic 
servos; 5, capstans; 6, rotary 
servos; 7, follow-ups; 8, exten- 
sible-link servos; 9, trim actua- 
tors; 10, Mach-hold transducer 
and amplifier; 11, height con- 
troller; 12, pilot’s control panel; 
13, dual channel coupler; 14, 
pilot’s knob controller; 15, 
stick-steering amplifier; 16, 
three-axis amplifier. 


to an amplifier which accepts control-column movements as electrical 
signals and passes them, again as electrical signals to the powered con- 
trol system. A direct mechanical linkage between control column and 
powered controls is retained as an emergency facility. 

An electrical pick-off on the control column gives an output which is 
balanced with that of a pick-off on the output side of the control surface 
hydraulic actuator. Any difference between the two signals is amplified 
and passed to an electro-hydraulic relay which operates the first-stage 
hydraulics and thence the second stage. Any movement of the control 
column therefore results in a corresponding movement of the surface. 

The column is also mechanically connected to the powered control 
unit valves, the linkage having a backlash at the column. Should the 
electrics fail, the pilot has only to engage a backlash lock to achieve 
direct control. Otherwise the movement of the hydraulic jack valve 
keeps the column substantially centered within the backlash freedom. 

Auto-stabilizer signals are added differentially in the servo amplifier 
and operate the controls electrically. This movement is not felt by the 
pilot, because of the backlash in the mechanical linkage. A limiter 
monitors those signals and automatically adjusts the datum of the artifi- 
cial-feel jack at the control column. 

For automatic control, autopilot signals are supplied in the same way 
as auto-stabilizer control. Signals large enough to stabilize “Dutch roll,” 
short- and long-term oscillations and automatic manceuvring at high 
speeds are possible with this system, but safety devices have been incor- 
porated to prevent excessive control movements which, in the event of 
system runaway, might be dangerous. The safety devices are artificial 
feel with a clutch-force override and limit switches. Control reverts 
automatically to mechanical signalling in case of malfunction. The 


The pilot's control 
panel for the Smiths 
Flight System, showing 
switches for disengag- 
ing each axis, operat- 
ing phase selectors, 
and turn and pitch 
manual controllers. 
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Elliott-Hobson system has been studied for both military and civil 
aircraft and can provide all functions demanded of a modern automatic 
flight-control system. 


A.L.3A Gyropilot 

Sperry Gyroscope Company, Lid., Brentford, Middlesex. 
A CONTINUOUS process of development by Sperry has produced the 
series of medium-sized aircraft autopilots, from the original A.L.1 to 
the A.L.30 which is described below. The early A.L.1A had its attitude- 
reference gyro in the gyro-relay unit and took heading signals from 
a directional-gyro unit mounted in the cockpit. Both gyros were 
vacuum-driven and the D.I. had an electric pick-off. Control actua- 
tion was by tic servo and the cockpit control panel had turn and 
pitch control knobs. Engagement or disengagement was by a lever 
operating the air-supply cut-off by a cable system. 

The A.L.3 incorporated the Gyrosyn,com as a heading reference, 
but retained the pneumatic attitu TO mechanical on/off control. 
It is in the A.L.3A that the electrically driven Horizon Gyro Unit has 
been incorporated as the attitude reference. is gyro unit is in the 
form of a panel-mounted instrument and requires an A.C. power supply. 
Servo power is increased to meet requirements in rather larger aircraft. 
The use of panel-mounted references, which double as normal flight 
indicators, avoids the need for warm-up time before engagement of 
the A.L.3A, and also allows easy visual monitoring. 


A.L.30 Gyropilot 

Sperry Gyroscope Company, Ltd., Brentford, Middlesex. 
A DEVELOPMENT of the successful and proven A.L.3 series, the 
A.L.30 is designed for the smaller aircraft of the executive and feeder- 
liner ty, It provides automatic control for en route flying, and for 
turns, climbs and descents. It uses an electrically driven Sperry Horizon 
Gyro Unit (arranged as a panel-mounted instrument) for vertical refer- 
ence and the Sperry Gyrosyn Compass for heading reference. Operation 
is by electrical control pneumatic servos at elevator and ailerons. 
Standard A.C. and D.C. supplies and a minimum of 10 1Ib/sq in air 
pressure are needed. Optional additions include height lock, pitch rate 
unit and pitch integrator unit. Weight, less cables, is 23 Ib. The 
horizon gyro and compass replace the standard panel indicators. 

Electrical pick-off signals from the references are converted to differen- 
tial relay signals at the servos; and feedback potentiometers here ensure 
that servo movement is proportional to aircraft displacement. Pilot’s 
controls include push-button engagement, pitch and turn knobs and 
variable sensitivity control for rough or smooth weather. Disengage- 
ment is by suitably located push-button. 


SP-30 Flight-contro!l System 

Sperry Gyroscope Company, Great Neck, New York. 

THIS flight-control system, the latest and most comprehensive pro- 
duced by the American Sperry Gyroscope Company, is destined for the 
big jet and turboprop transports. Sperry have also produced a number 
of military autopilots. The S-5, for example, is installed in the U.S. 
Navy AID Skywarrior and the E-4 is speci for the Lockheed C-130 
Hercules. Surprisingly, Sperry claim that the C-130 thus becomes 
the first U.S.A.F. aircraft to have a radio beam-coupler. The S-5 is 
based on the earlier Sperry A-12 civil autopilot. 

The SP-30 is a complete flight control system, consisting of the 
Sperry Integrated Instrument System, the C-10 compass system and 
the SP-30 autopilot. It uses electronic computers and electric servos, 
together with an attitude gyro (common to instruments and autopilot), 
accelerometer sensers (instead of rate gyros) and an air-data computer 
which can be supplemented by a cruise-control computer and angle-of- 
attack be. There are three main ings—instrument directors only, 
autostabilization only and full automatic control. Either knob control 
(by rate demand) or stick-force sensing control can be supplied. For 
stability augmentation (auto-stabilization) each control surface servo 
circuit is completely independent; and the rudder control gives turn 

Elevator trimming is automatic, while tr mn indicators are provided 
for all three axes to indicate elevator trim setting and allow manual 
trimming of aileron and rudder. 

Radio coupling is so arranged that the I.L.S. localizer bearp can be 
intercepted at any angle and coupling comes into effect automatically 
on the edge of the beam. Glide-slope —> automatically added 
as soon as the aircraft reaches the centre of the glide-slope beam. During 
V.O.R. radial coupling, the autopilot automatically reverts to compass- 
heading-stabilized flight on reaching the cone of confusion over the 
Vv 


.O.R. beacon. : : Ae 
In the SP-30, claim Sperry, transistors and printed circuitry, together 


A three-oxis trim 
indicator, in this in- 
stance for the Bendix 
PB-10 Automatic 
Flight System. 
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with sealed plug-in units, have led to lower weigh ter reliability, 
lower hea — " 


power consumption and lower heat 

Height-lock or airspeed or Mach contpel Gov inguepecsted as required; 
and elevator rat signals are related to airspeed or Mach read- 
ings to prevent over-control. The yaw-damping and turn co-ordination 
circuit can be overridden manually or by the trim-tab. Signals are 
supplied from a computer which —~ signals from a lateral pendu- 
lum and yaw accelerometer. Yaw: ing is independent of control 
surface position, since acceleration ra than dis; signals 
are used. Special circuits monitor control demand 

Automatic lateral control can be engaged in any attitude. It first 

s the wings and then maintains the magnetic heading obtaining at 

the time. Com: tion is provided to maintain the heading-lock func- 
tion into lati where magnetic dip-angle is . The turn con- 
troller provides a bank-angle and turn-rate command which is modified 
icon to the Mach controller demands; and initial turn co-ordina- 
tion is eved through the roll ulum. Turns on to given headings 
may also be made by moving the heading demand marker on the compass 
instrument. 

_ The complete Sperry SP-30 installation weighs 145.4 Ib. Duplicate 
flight-director instruments may be added and a separate gyro reference 
for them may be installed as a stand-by for the main references. 


A-12 Gyropilot 

Sperry Gyroscope Company, Great Neck, New York. 
WIDELY used in airline service, the A-12 weighs 140 lb, complete 
with the radio-beam coupler which —= automatic approaches. For 
swept-wing, high speed transports it has been supersed: 
Flight-Control System, al the military variant of the A-12 has 
been installed in the U.S. Navy A3D Skywarrior and also—at the 
opposite end of the speed scale—in the patrol airships. The last-named 
have a speed of only 60 m.p.h. An A-12 is also installed in the Cessna 310 
light twin-engined t which is used by Lear, Inc., as a demon- 
strator by their European branch office at Geneva. 

The radio beam coupler, an optional component, was one of the first 
such accessories offered for civil operations. 


PB-20 Automatic Flight-contro! System 


— Division, Bendix Aviation Corp., Teterboro, New 
lersey. 

ONE of the major developments in the big-jet-transport flight-control 
field, the RB-20 has already been specified or a great number of these 
new aircraft. Eclipse-Pioneer have also supplied the flight-control 
systems, manual powered controls, autopilot and central air-data com- 
puter for the Convair B-58 Hustler, and several military applications 
are incl in the following list of PB-20 sub-types and the i t 
using them: PB-20A, Douglas C-133A; PB-20B for Lockheed L-1649A 
Super Constellations for Air France, L.A.I., Lufthansa, T.W.A. and 
Varig Brazil; PB-20C for the Avro Canada CL-28 Argus; PB-20D for 
Boeing 707s ordered by Air France, Air India International, American 
Airlines, Braniff, Continental, Lufthansa, P.A.W.A., Qantas, Sabena and 
T.W.A.; PB-20B for Lockheed Electras for American Airlines, Braniff, 
Eastern, K.L.M., National and Western Airlines; and PB-20F for test 
and evaluation in the D.H. Canada CS2F-1 Tracker. 

_ The PB-20 formula is in fact designed for adaptation to each individual 
aircraft requirement and does not really exist as an “off the shelf” item. 
oa is transistorized, uses card amplifiers, and has integration 
con , automatic trimming and radio-aid coupling. Amplifiers and 
electro-mechanical computers are the basic “building block” units and 
can be plugged into the main chassis. 

During a test programme, Bendix claim, the suitability of transistors 
for this equipment has been established. They offer reduced size, stable 
opera characteristics, increased service life and lower power require- 
ments. e PB-20 has no vacuum tubes. 

A flight monitor, incorporated as an optional unit, consists of circuits 
which compare autopilot output signals with standard signals from an 
independent source. Any significant difference between these signals 
causes ————- disengagement of the autopilot and a warning indica- 
tion in the t. 

The PB-20 can have either knob control or stick-force sensing. Elec- 
trical or hydraulic surface servos can be used, combined with surface- 
position and load feedback devices. References are a vertical gyro and 
three rate-gyros, one for each axis. Signals from all four are combined 
to give accurate and fast control. In addition, a pendulum side-slip 
senser provides turn ination. The air data unit can also be 
arranged to supply cruise-control information to the autopilot. Further 
features which can be added to the system are Mach control, proximity- 
warning and flight-director functions. The Bendix flight-director instru- 
ments are generally an integral part of the system, as is either a plain 
gyro-magnetic or the Polar Path compass system. 

Airspeed functions are continuously used to vary the autopilot gain 
in proportion to airspeed. All turns under autopilot control are 
co-ordinated, and the up-elevator — which keeps -¥ nose up during 


and height-lock feature, 
combi with an elevator-surface position indicator. A “lag theta” 
control can be included to reduce longitudinal oscillations. 

Steady-state errors are corrected by an integration control which com- 
putes error-magnitude and time to counteract wind, trim changes and 
other variables that tend to prevent the aircraft returning to flight 
references. is integration automatic compensation for drift 
during coupled I.L.S. approaches, when it is combined with runway 
bearing and beam-displacement signals. 


PB-10A Automatic Flight System 
Eclipse-Pioneer Division, Bendix Aviation Corp., New York 17, N.Y. 
THE PB-10 series of autopi has been widely used by the airlines 
for a number of years. ¢ recent optional addition of a flight-path 
computer has allowed approach-coupler facilities to be incorporated to 
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bring this equipment up to the latest automatic flight-control system 
standards 


The central component of the PB-10A is the amplifier and signal 
generator which, combining signals from fluxgate compass, flight-path 
computer, dynamic vertical senser and system controls with signals 
generated by the vertical and rate gyros, passes output signals to the 
servos. All three axes are controlled; and elevator trim is automatically 
adjusted. A three-way trim indicator shows the state of elevator trim 
and gives indications for manual adjustment of aileron and rudder trim. 
Pitch and bank signals from the gyro vertical are passed to the ailerons 
and elevator; and directional signals from the compass system are passed 
to aileron and rudder. 

The pressure-altitude senser is combined with an integrator so that 
the autopilot will settle on to the height indicated at the moment the 
height-lock is engaged during a descent or climb. Pitch adjustments 
will also be made to allow for changes in speed and configuration with 
the height-lock engaged. A similar integrator serves the heading 
channel. 

A dynamic vertical senser controls co-ordinated turns by the auto- 
pilot at speeds outside that at which the autopilot alone is set to make 
a co-ordinated turn. A standard knob controller is provided and, on 
pressing of the disengagement button on the aileron wheel, all selector 
switches flick back to the off position. ; 

A throttle servo and amplifier are linked to the flight-path computer 
so that glids-path corrections are made with elevator and throttles 
together to maintain a constant speed. Radio-aid and approach coupling 
is provided through the flight-path computer. During coupled approaches 
the bank limit is reduced and control is gradually faded from co-ordinated 
to skidding turns as the runway comes nearer. The vertical gyro refer- 
ence, electrically driven and monitored to gravity, produces electrical 
signals proportional to displacement. A rate-gyro signal is added in 
the yaw axis to prevent hunting about a heading. : 

The amplifier and signal generator of the PB-10A weigh about 55 lb. 
Standard D.C. and A.C. power supplies are required. 


AP-101 Automatic Flight-contro!l System 


Collins Radio Company, Cedar Rapids, Iowa. 

THE AP-101 is an electro-mechanical autopilot integrated with the 
Collins FD-104 Flight Director Instruments and radio aids to form a 
complete flight-control system. The director functions of the instru- 
ments are used by the autopilot and the autopilot vertical gyro reference 
supplies attitude information to the instruments. The compass, approach- 
aid, gyro, amplifiers, steering computer and autopilot amplifier are, in 
fact, all formed into a single system. By this means the AP-101 avoids 
the need for an approach coupler; and the flight director instruments, 
which may be duplicated, afford direct monitoring facilities for the pilot. 

Main and trim-tab servos have hysteresis-type clutches with torque- 
limiting features which, together with adjustable control-force limits, 
give protection against excessive control-force application. Both 
mechanical and electrical disconnecting controls are provided and the 
AP-101 may be manually overridden in all three axes. A controlled- 
spring fading device in the function selector switch prevents sudden 
control application when engaging or changing operating mode. — 

The vertical gyro supplies signals to the computers in proportion to 
aircraft disp!acement and is monitored to gravity by mercury-thallium 
switches. A special pick-off provides signals to hold up the nose of the 
aircraft during turns. : : 

The function selector switch covers “Gyro,” “heading,” “nav/loc” 
and “approach” settings. With the first function selected, heading is 
gyro-controlled and altered by use of the turn knob. In the second, 
course is controlled by the heading marker on the course director instru- 
ment and the turn knob is inoperative. “Nav/loc” allows coupling to 
radio aids and I.L.S. localizer, while “approach” brings in the full 
automatic-approach control. 7 

Magnetic amplifiers completely replace vacuum tubes and “modular” 
construction makes addition of new features relatively easy. A sensing 
unit incorporated in the AP-101 contains the altitude capsule unit for 
height- and a yaw rate gyro for short-term yaw stabilization. Addi- 
tional sensing elements, such as further rate gyros, accelerometers, 
advanced altitude controls, and airspeed compensators may be incor- 
porated in specific installations. Pitch and bank limiters are included, 
the latter with two settings for cruising and approach phases. Total 
weight of the AP-101 is 135.7 Ib. 


The control panel of 

the Collins AP-101 

Automatic _Flight- 
control system. 
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L-10 Autopilot 

Lear, Inc., Santa Monica, California. 
THE L-10 is the latest development 
in the Lear line of fighter auto- 
pilots. The early F-5 was the stan- 
dard unit for F-84Gs and the MB-2 
was installed in the swept-wing 
F-84F. The L-10 is designed for 
supersonic aircraft and offers much 
the same control features as the 
Minneapolis Honeywell MB-3 in- 
stalled in the F-100D. It has a 
coupler for bombing and fire-control 
systems, V.O.R., LL.S., altitude 
hold and Mach hold. Its references 
include a combination of rate gyros 
in all three axes and a Lear stable 
platform for all-attitude sensing. 
The compass system, which pro- 
vides long-term directional stability, 
is automatically engaged whenever 
the aircraft flies straight and level 
with the autopilot engaged. Direc- 
tional control is achieved through 
the roll axis rather than with the  Stick-force sensing unit mounted 
rudder, because this is better suited below the control column hand- 
to the characteristics of high-speed grip. This one is for the E-10. 
aircraft. A special control loop is 

applied to the rudder as a yaw- 

stabilizer; and this, together with a side-slip senser, takes care of co- 
ordination during turns. Pilot’s control is either by selecting functions 
on control panels or by normal stick movement, a stick-force senser 
being incorporated just below the pilot’s handgrip. 

The central computer, which is the heart of the autopilot system, is 
designed in building blocks with plug-in amplifiers and offers greater 
amplification than that of earlier units. This results in tighter control 
and more accurate control-surface positioning. 

Several types of servo are used to operate control surfaces and trim- 
ming devices. Lear has developed a new line of electrically controlled 
hydraulic power units, used in series and parallel, and these are sup- 
ported by rotary servos, extensible-link servos and follow-ups with 
integral velocity generators. 

The L-10 has been considered for VTO aircraft; and a special Lear 
panel-mounted attitude indicator is driven by the stable platform to 
provide all-attitude artificial horizon services to the pilot. e system 
gains can be varied to provide varying tightness of control for different 
flight conditions. 


E-10 Autopilot 


Minneapolis Honeywell Aeronautical Division, Minneapolis 13, 

Minnesota. 
THE following functions are claimed for the E-10 autopilot: all- 
attitude manceuvring; automatic fire control; constant Mach control; 
manceuvre limiting; automatic trimming; three-axis stability augmenta- 
tion; airspeed compensation; beam coupling; constant altitude control; 
control-column steering; automatic synchronization; bombing system 
coupling; and full lagged-rate stabilization. The basic formula of the 
system is adaptable to many military requirements, among which the 
company quotes interception (the E-10 is in fact standard for the F-94 
Starfire) level bombing, dive- or toss-bombing and cruise-cohtrol. 

The E-11, another Minneapolis Honeywell autopilot with only slightly 
fewer capabilities, is standard equipment for the F-89 Scorpion, CF-100, 
B-66 Destroyer, RB-66 and F-101 Voodoo. U.S. Marine and Navy 
versions are installed in the F3D Skyknight, H-21 and HUP-1 heli- 
—= and the Regulus 1 missile. 

ydraulic servos of various types are used according to the installa- 

tion, together with rate gyros for short-term stabilization. The Mach 
controller senses displacement from a reference Mach number and rate 
of change of Mach number. A special yaw-stabilizing circuit is also 
included. The vertical gyro is fully free in roll and has stops in the 
pitch plane so that, in conjunction with the stick force sensing control, 
the aircraft can be directly flown through accentuated manceuvres under 
autopilot control. There are no knob controllers as such. 


MB-3 Autopilot 


Minneapolis Honeywell Aeronautical Division, Minneapolis 13, 

Minnesota. 

DEVELOPED expressly for supersonic aircraft. the MB-3 is standard 
on the F-100D and a follow-on order worth $9,897,654 was placed for it 
by U.S.A.F. last October. Total orders for these autopilots and spares 
already stood at $28,000,000. 

The MB-3 includes some 5,000 parts, arranged in 46 major com- 
ponents, but weighs only 98 Ib. It gives the F-100D short-term 
stabilization and yaw control at supersonic speeds and also coupling 
to navigational and weapon systems. It provides Mach control from 
0.2 at sea level to 1.7 at 23,000ft and allows all-attitude manceuvring. 
It will hold roll angles of 60 deg and pitch attitudes of 50 deg; and will 
co-ordinate turns of up to 75 deg bank. Height lock can be applied from 
sea level to 60,000ft. 

Components include three rate-gyros, normal and lateral acceler- 
ometers, cageable vertical gyro, yaw- and pitch-damper servos, sensi- 
tivity control automatically linked to airspeed, and a g-limiter which 
disengages the autopilot if limits are exceeded. 

The MB-3 has only two operating settings “damper” for auto- 
stablization alone and “autopilot.” The latter can be engaged in any 
attitude and will hold that attitude until the stick is moved. The stick- 
force control allows the pilot to adjust only the yaw and roll axes when 
the heading lock is engaged. With heading lock on, a turn selector can 
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be used to alter heading. The heading lock feature operates whenever 
the aircraft is banked at less than 7.5 deg. Use of stick or rudder bar 
will automatically disengage it. In the “autolabs” mode the MB-3 will 
automatically follow the commands of the Low Altitude Bombing 
System. This system is the standard F-100D armament control. 


MB-5 Autopilot 


Minneapolis Honeywell Aeronautical Division, Minneapolis 13, 

Minnesota. 

THOUGH no details have been released concerning this autopilot, it 
is ht to be a more advanced version of the MB-3 unit installed 
in the F-100D. It has in fact been specified for the McDonnell F-101B; 
and it is claimed that the MB-5 “does more for the pilot than any 
other flight control system ever designed.” 

The MB-5 includes a universal coupler for automatic ground-con- 
trolled interception, instrument landing and fire-control. Automatic 
G.C.I. means that the controller on the ground directly controls the 
autopilot of the intercepter by radio and is a feature of the F-102 and 
F-106 weapon system. Final interception is made by the aircraft’s own 
fire-control system. 

A method of this kind was employed by the U.S. Marines in Korea 
when surveillance radar and radio control were used to lead an aircraft 
to a previously ground-surveyed target and actually to cause the aircraft 
to deliver its weapons under g-ound control. Weapons used included 
machine-guns, bombs and ets. Control was handed back to the 
pilot in cases of excessive control commands from the ground, and for 
the return to base. Attacks of this kind were made at night. 


MH-21 Helicopter Autopilot 


Minneapolis Honeywell Aeronautical Division, Minneapolis 13, 

Minnesota. 

THE basic MH-21 control system weighs under 50 Ib and is standard 
in the H-21 and HUP-1 helicopters. It has a lagged-rate system con- 
trolled by rate gyros for roll, pitch and yaw axis. A vertical gyro 
reference is included in the roll and pitch loops, and a compass system 
in the yaw loop. The addition of an altitude senser allows control of the 
cyclic-pitch stick for hovering. 

The hydraulic control servos remain in operation as power assistance 
for the pilot when the autopilot is switched off. All the pilot’s manceuvring 
commands are made by movement of the normal helicopter controls, 
and the stabilizing work of the autopilot is so arranged that it is not 
fed back to the manual control. There is no knob control system and 
in fact, the only control is a three-position switch marked “off,” “warm 


” 


up” and “engage. 
If the maximum load capacity is desired for a particular flight, many 
MH-21 components can be removed, + only the short-term, 
rate-gyro system as an auto-stabilizer. It is claimed that no form of 
failure in the MH-21 can lead to hard-over control applications. 


T-3 Autopilot 
Tactair, Inc., Division of Aircraft Products Company, Bridgeport, 

Pennsylvania. 

THE T-3 is a vacuum-operated autopilot controlling pitch and bank 
axes through pneumatic pick-offs added to standard artificial horizon 
panel instrument by the manufacturers. Positive heading control is 
supplied by adding a similar pick-off to the normal gyro D.L. Vacuum 
power is supplied by the normal aircraft vacuum pump, the sensing 
units using 4in suction and control-operating bellows using 8in. This 
represents half the capacity of the standard aircraft vacuum pump. The 
main control servos are vacuum-operated and can exert forces of 125 Ib. 
Modified horizon and D.I. are supplied in exchange for the customer’s 
unmodified units. 

The installation weighs a total of 11.3 Ib, of which 4 Ib is accounted 
for by mounting brackets. No electrical supply is required. The T-3 
has been officially cleared in America for installation in the Beech 
Bonanza and Piper Tri-Pacer. 

The pick-offs operate on the principle of laboratory air gauges which 
have long been used to measure very fine tolerances. Precision cams 
change the free area over a suction orifice to produce displacement and 
control signals, the control movements therefore being proportional to 
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The Tactair T-3 pneumatic autopilot for light aircraft, showing 
indicators and control panel in foreground, and actuators above. 


displacement of the aircraft. Manual override is possible at all times. 
Directional trim for various power or speed conditions can be applied 
through a bias lever behind the turn control wheel. Full travel the 
turn wheel gives 15 deg bank or 3 deg/sec rate of turn. Turns of up to 
90 deg can be selected on the heading control alone. 

The T-3 is produced and marketed by Aircraft Products Company 
and costs $2,395 in kit form. Production has now reached 50 units 
per month and demand for the T-3 is reported to be brisk. 


F-200 Autopilot 


Federal Telephone and Radio Company, Clifton, New fersey. 
WEIGHING only 17 Ib uninstalled and about 21 Ib installed, the 
F-200 autopilot is a two-axis unit designed primarily for light single- 
engined aircraft with co-ordinated rudder and aileron controls. It costs 
only $1,995 in the U.S.A. 

Using the standard 12 V or 24 V light aircraft supply, the F-200 
has neither vacuum tubes not transistors and relies entirely on electrical 
signals. The main component is the combined attitude /servo unit, 
the gyro of which carries electrical pick-offs giving displacement signals 
to the reversible servo motors. Mechanical feed-back links prevent 
hunting. In addition, a modified panel-mounted turn-and-bank indica- 
tor provides rate signals for tri ing of the yaw channel in order to 
achieve stable headings. There is no heading lock as such. The manu- 
facturers state that the autopilot could accept signals from a radio 
coupling unit for automatic V.O.R. and I.L.S. flying. 

Roll and pitch axis controls are separately switched on from the 
cockpit control panel and knobs are provided for pitch and turn control 
and for directional trimming. Servo output to the control cables is 
through chain sprockets, whose size can be varied to give varying 
degrees of sensitivity. 

F-300 Autopilot 
Federal Telephone and Radio Company, Clifton, New fersey. 
THIS is a three-axis version of the F-200, described above, and works 
on almost identical principles. It weighs 19 lb uninstalled and some 
25 Ib installed. Its cost in the U.S.A. is $2,325. 

It has attitude gyro-monitored electric servo control with mechanical 
feed-back and rate gyro heading stabilization. Being designed for light 
aircraft without co-ordinated rudder and aileron controls, three axis 
control is provided, though two of the servos are opérated from the same 
control circuit. A clutch is incorporated to allow separate operation of 
these controls in manual flying. 


Arcon Automatic Rudder Control System 


Lear, Inc., Santa Monica, California. 

PRODUCED solely for tight aircraft, the Arcon is a rudder-only 
pit control 
allows selection of turns, but there is no long-term heading lock. An 
amplifier increases the signals from the rate gyro pick-off and passes 
them to an electric servo in the rudder circuit. 


The Changing Instrument Picture 





HREE main lines of development have been followed 

during the post-war years with the object of producing 

better blind-flying instruments. Firstly, the performance 
and readability of the traditional instruments has been very 
greatly improved. Secondly, the flight-director function has been 
ewedesed. into attitude and course displays as a first stage in 
combining demand and information signals in one presentation. 
Thirdly, completely new types of instrument have been devel- 
oped to give the pilot more easily understood indications and an 
accurate reference for vertical climbs and aerobatic flight. 

The introduction of jet aircraft into large-scale service immedi- 
ately after World War 2 really accentuated the need for better 
instruments. New artificial horizons were introduced, having 
much greater freedom, and faster erection on starting up or after 


being upset in manceuvres. They also had improved performance 
at very high altitude. The gyros were electrically driven for this 
purpose and the greater speed of rotation (about 23,000 r.p.m. 
instead of about 14,000 r.p.m.) rendered them much more stable. 

Present British Service artificial horizons are fully free in roll 
and will record up to 85 deg in dive or climb. They do not topple 
when this limit is reached, but only lock against the stops and, 
as often as not, resume normal working as soon as the manceuvre 
is complete. The small-aircraft zero mark has now been stand- 
ardized as the inverted gull wing, which was found most readable 
during post-war research. A fast-erection push-button has been 
added so that, immediately on recovering level flight after a 
violent manceuvre, the pilot can forcibly erect his horizon for 
immediate use. Full erection after starting up is achieved in some 








ing 
ve. 
es. 


the 
) to 


ny 
rits 


aane 


of 


BbaS 































Above, left and right, the Ferranti F.H.7 miniature horizon and the 

Sperry H.L.4 helicopter horizon with variable datum. Right, the new 

moving-tape and roller-blind panel with combined director and 
information displays. The compass panel is at desk-top angle. 


20 seconds, the disappearance of the “off” flag denoting readiness 
for take-off. 

Because of increased complexity and loading of electrical 
systems, and the introduction of flight-director instruments using 
remote gyros, a requirement has emerged for stand-by artificial 
horizons. One example of such instruments is the Sperry H.L.9 
which can operate either as a main horizon in aircraft which do 
not have an A.C. electric supply (light aircraft and gliders) or as 
a stand-by in case of failure of the main A.C. system in a larger 
aircraft. It uses a 60 V, 400 c/s supply produced from normal 
D.C. by its own transistor oscillator inverter. The H.L.9 also has 
a small counter drum in the sky plate which indicates actual angle 
of dive or climb in degrees. 

Ferranti have produced a miniature artificial horizon intended 
for use as stand-by instrument. It is called the F.H.7 and has a 
dial face of approximately 2.2in diameter. The starting and erect- 
ing cycle is under A.C. power, but after this the instrument auto- 
matically changes over to the aircraft D.C. supply, using a small 
inverter of its own to produce A.C. current. Despite size-reduc- 
tion it has pitch-bank erection, 23,000 r.p.m. rotor speed, and 
automatic levelling. It is ready for operation 20 seconds after 
switching on. 

Ferranti introduced the automatic levelling feature into their 
F.H.5, which corresponds to the Services’ Mk 4 standard (i.e., it 
includes “off” flag, fast erection button and gull-wing image). 
The automatic leveli:zng is to erect the horizon forcibly to the 
level attitude if, on starting up, it shows a considerable pitch 
and/or bank displacement. During the first 10 sec of the 20 sec 
starting cycle, the gyro rotor is spun up under the pitch/bank 
erection control which is used in flight. For the last 10 sec fast 
erection is applied to level the gyro at the rate of 200 deg/min. 
The purpose is to avoid having to use the fast erection push-button 
which needlessly occupies the pilot’s hand when he should be 
making cockpit checks. 

Turn-and-slip indicators have undergone similar development 
with the application of electrical drive and the standardization 
of a ball and needle (as opposed to two-needle) indication. 

For both military and large civil aircraft the gyro-magnetic 
a has come into almost universal use as the pilot’s principal 
heading indicator. Produced in Britain by both Sperry and 
Smiths, a dial for these compasses was designed by the Institute 
of Aviation Medicine at Farnborough and is a very fine example 
of what such a presentation should be. It provides the pilot with 
natural-sense indication of turn and exact heading at all times, 
despite accentuated manceuvring. It is a mecessary feature of the 
jet-aircraft instrument panel. The stability of this type of com- 
pass during full aerobatics is also excellent and it is very often 
possible to complete a roll-off-the-top without substantially dis- 
turbing it. For high-latitude navigation Bendix have produced 
the Polar Path precision-gyro compass system. 

Vertical-speed indicators have also been improved to give better 
response to changes in altitude. Though the maximum range of 
indication of the standard instruments is not adequate to record 
the greatest rates of descent and climb normally encountered in 
jet operations, the scales have in many cases been made logarithmic 
in order to give expanded indication of the lower rates. This 
feature is useful in the precision approach phase when exact, but 
small rates of descent have to be maintained at comparatively 
high speeds. 

One of the instruments most affected by post-war development 
for jet aircraft is the altimeter. It has passed through several 
stages in modification and is likely to continue to change. The 
critical problem is to make the altitude indications unambiguous 
and easily read and to expand the altitude range. Three types 
of indicator are now common. One is a three-needle unit so 
arranged that the needles never entirely obscure each other. The 
needle showing tens of thousands of feet is a short, broad-headed 
arrow; that for thousands a short arrow with a ring-shaped head; 
and that for hundreds a long square-ended pointer. In one Kelvin 
Hughes instrument a striped flag shows when readings are below 
16,000ft. (It is confusion or masking of the ten-thousand-foot 
needle which has caused many errors and accidents during fast 
controlled descents from high altitudes.) Another Kelvin Hughes 
altimeter has the ten-thousand-foot needle lengthened to the point 


TO Po a 





where it projects well outside the hundred-foot pointer. The third 
development in standard altimeters is the presentation of the 
ten-thousands and thousands of feet in a veeder counter, a single 
needle remaining to give precise indications of hundreds of feet. 

This veeder counter presentation has also been adopted by 
Kelvin Hughes in a boosted altimeter capable of reading up to 
100,000ft. It was developed because the rate of change of pressure 
becomes smaller with altitude, so that the change of pressure from 
55,000ft to 60,000ft, for example, is only a fraction of that between 
sea level and 5,000ft. Indications up to 100,000ft cannot, there- 
fore, be given with the standard mechanical drive from a stack of 
capsules, and servo drive of the counters has been applied. The 
Kelvin Hughes high-range altimeter shows all values down to 
tens of feet in veeder counter form, but retains a single needle 
showing hundreds of feet. This combines the advantages of quick 
readability of hundreds of feet with precise indications of tens. 

A Mach-meter has become a standard panel instrument for jet 
aircraft, and meters with varying ranges of indication have been 
produced. It is usual to incorporate a marker showing the range of 
critical Mach values for the particular aircraft. More recent Mach- 
meters have the lowest reading set at a comparatively high value, 
since the lower readings are not always required. 

To save panel space and to combine the speed indications in 
one easily-read dial Kelvin Hughes have produced, in conjunction 
with the Ministry of Supply, a combined speed indicator. This 
shows airspeed with a pointer against a logarithmic scale, ex- 
panded at the lower values for use on the approach and at very 
high altitudes. Against this indication is shown a Mach number 
scale whose relationship to airspeed is automatically varied as a 
function of height. A single straight pointer will therefore show 
airspeed and equivalent Mach number at all heights. Mach range 
is from 0.6 to 1.5 and speed range from 50 to 650 kt. At the lower 
indicated airspeeds, the Mach scale remains blank. A high-range 
combined speed indicator will measure from 0.7 to 2.2 Mach and 
from 80 to 750 kt. Instruments of this type have also been 
produced in America. 

Another instrument which is becoming a standard feature of 
high-performance aircraft is the g-meter. It usually has three 
needles, one of them indicating instantaneous acceleration affect- 
ing the aircraft, while the other two record the maximum values 
of positive and negative g reached after the button has been pushed 
to reset them to zero. It is normal for the maximum and mini- 
mum readings to be left untouched so that excessive loadings can 
be reported after a flight—unless the pilot’s conscience is too much 
for him and he cancels this record of his harshness. 

Among examples of the second post-war development in in- 


Pilot's gyro-magnetic compass dial (Sperry and Smiths) and the Kelvin 
Hughes logarithmic-scale V.S.1. 
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Reading clockwise: Kelvin Hughes 
altimeter with warning fiag, Smiths 
motorised 100,000ft altimeter, Kelvin 
Hughes combined A.S.I./Machmeter, 
and Kelvin Hughes roller-blind horizon 
showing almost-level flight and vertical 
climb “aimed” at the special marker. 


The Changing 
Instrument Picture . . . 





strumentation, the Sperry Zero Reader Flight Director is men- 
tioned in our review of radio-aid instruments (see page 498); and 
the Sperry, Smiths, Collins and Bendix instrument systems are 
described in the same section, which deals with the various naviga- 
tion instruments developed as pilot aids for V.O.R. and I.L.S. 
flying. All of them are noted where they are intended for use as 
integral components of the Smiths Flight System, Bendix PB-20, 
Sperry SP-30 and Collins AP-101 automatic flight-control systems. 

But these instruments generally conform to the traditional style 
and presentations; and their ormance is still related to the 
behaviour of airliners and similar aircraft. 

An entirely new requirement has arisen for instrumentation for 
the new intercepters which will be able to sustain a vertical climb 
and supersonic speed on the level. To meet it an entirely new 
instrument panel is being developed; Kelvin Hughes, who are pre- 
paring it, have been able to release no general view, but the 
Americans have published details of various possible arrange- 
ments. One of them is shown on page 493. 

Instrument-mounted gyros cannot maintain indications during 
sustained vertical flight or the pull-out into horizontal flight, and 
Kelvin Hughes have therefore developed the roller-blind horizon 
using attitude information supplied by a remotely mounted stable 
platform, the main example of which is the S. G. Brown, Ltd., 
Master Reference Gyro described on page 484. The new horizon 
is based on a servo-operated roller-blind mechanism, half the blind 
of which is painted white to represent sky and the other half 
black to represent ground. Vertical references are in the form of 
target shapes in the middle of the black and white sections. The 
j whole blind assembly is revolved to give indications of roll. 

The roller blind/Master Gyro combination will allow con- 








tinuous instrument indications throughout aerobatic flight. During 
a vertical climb the pilot would “aim” at the vertical marker in 
the white zone of the blind. A difficulty arises when he has to 
pull over on to his back and roll upright onto an accurate compass 
heading; unless he can do this the ability to climb vertically has 
no operational usefulness. Kelvin Hughes are therefore develop- 
ing a compass which will indicate during the vertical climb the 
course which the aircraft would assume if it were pulled straight 
over on to its back. This instrument, too, takes heading-gyro 
signals from the Master Reference Gyro. A method has also been 
found of rapidly orienting the horizon to have the correct vertical 
setting as soon as the aircraft deviates significantly from a true 
vertical climb in any direction. This facility is built into the 
Master Reference Gyro and noted in the description of that 
equipment. 

Another basic instrument requirement for this type of perform- 
ance is something to replace the conventional dial presentation. 
Introducing the roller-blind horizon last year, Sir John Booth- 
man, sales director of Kelvin Hughes, said “We have got to get 
away from dials and revolving hands. Imagine watching an alti- 
meter in an aircraft climbing. at 50,000ft/min. It would be like 
looking into an airscrew. It is quite certain that we shall be going 
over to a linear type of presentation.’ 

The American panel, which conforms very closely to ideas 
originated by Kelvin Hughes, has this presentation. Moving-tape 
indicators replace dials and each instantaneous value is shown 
against a continuous lubber line across the panel. Mach, airs 
and angle of attack are on the left, the little-used lower end 
Mach scale being marked to show maximum speeds for tt 
wheels, flaps and drag chute. The horizon instrument includes 
indicator and director functions for radio coupling and is arranged 
as a “forward look” display. The “downward look” element for 
course control is the compass system on a sloped panel below 
the horizon. The layout in this case closely resembles the Smiths 
beam compass, but includes V.O.R. radial selector window and 
D.M.E. or Tacan range window. 

Subsidiary arrows and marks on the tape indicators show the 
“command” settings selected by the pilot for specific flight pro- 
cedures. Ground elevation is set on the altitude tape as a striped 
blind covering all altitude indications below ground level—in this 
case 4,900ft. 

This t panel is much easier to read than any other hitherto 
devised. Se of such displays and the new equipment 
required to make them work is continuing apace on both sides 
of the Atlantic. 








Weather Radar 








LMOST certain to become a standard item of transport air- 
craft equipment, weather radar is already widely used in 
both military and civil aircraft. It has proved invaluable 

as a guide to airline crews in picking a smooth and safe path 
through storm areas and in map-reading through cloud. The 
main advantages claimed for it are that it allows the pilot to avoid 
areas of severe turbulence which may cause discomfort and alarm 
to passengers and not infrequently result in structural damage to 
the aircraft; pilot fatigue is reduced when negotiating such storm 
"Pp areas; delays resulting from detovrs round storms through which 
. safe paths can be found by radar are eliminated; and weather 
radar’s map-painting ability is a most useful adjunct to navigation. 
1 Weather radar as such was developed when possibilities in this 
7 direction were realized during military airborne radar research 
programmes soon after World War 2. It was found that water 
particles suspended in cloud or in the form of raindrops reflect a 
radar beam in proportion to their concentration or the density of 
moisture. Though rain is not in itself dangerous to aircraft, its 
extent and density give an accurate indication of local turbulence 

intensity. 

dish scanner mounted in the nose of the aircraft is generally 

arranged to scan a wide arc ahead with a narrow beam. The scan- 
ning plane can be tilted up or down as required and the aerial is 





gyro-stabilized to maintain a steady tilt angle relative to the 
horizon. It is also stabilized in the aircraft’s roll axis to avoid 
lateral inclination of the scanning plane during turns. Associated 
receiver/transmuitter, amplifier, synchronizer and power supply 
are usually packaged in two rack-mounted units. A control panel 
and single or duplicated P.P.I. displays are mounted within easy 
reach of the pilots. Viewing hoods are used during strong ambient 
light conditions, but bright oy hk tubes are being prepared for 
many indicators. The radar bands (5,000 Me/s or 10,000 
Mc/s) are used, the former offering rather better penetration of 
rain areas, though the X-band has other advantages which have 
led to its being more widely adopted. 

In order to show up storm cores, iso-echo contour control is 
generally provided to cut out radar returns on the P.P.I. which 
exceed a preselected intensity. The storm cores then appear as 
black patches within the rain return. Sensitivity time control is 
also provided to even out —— from varying ranges. A 
variety of range settings and tube-face range markers is general, 
and some weather radars can interrogate and display Racon ground 
radar beacons. 

For map-painting the aerial is tilted downwards to the required 
degree. * scan is often provided to deepen the arc searched 
by the radar beam when used for map-painting. — rivers, 
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Weather Radar... 


lakes and towns can be identified at up to 200 nautical miles’ 
range. Weather radar will also give a clear indication of terrain 
clearance in hilly country, because the display shows when the 
aircraft is below the top of a hill lying in the scanned area. 


Airborne Search Radar Type E120 
Ekco Electronics, Ltd., Ekco Works, Southend-on-Sea, Essex. 
THIS company pioneered the use of airborne weather radars; and the 
present E120 equipment was develo from the earlier E38 and 
E38B. The E120 is specified for the Britannia and Comet. 

Aerial unit, weighing 55 lb with an 18in dish, sweeps an arc of 150 
deg in azimuth at the rate of 100 deg/sec with a beam width of 5 deg. 
Tilt limits are +7 deg and —17 deg, with automatic stabilization up to 
+45 deg in roll, +18 deg and —22 deg in pitch, at rates of follow of 
na in roll and 10 deg/sec in pitch, with a lag not greater than 
; 

2 deg. 

Transmitter /receiver unit, weighing 55 lb, works on 9,375 Mc/s 
(X-band) at 60 kW power, contains all the R.F. circuits, the master 
pulse generator and necessary power supplies. Dimensions: 154in by 
17in by 7}in. 

Servo/synchromzer unit, weighing 21 Ib, contains servo chains con- 
trolling roll and pitch correction motors on the scanner, and the time 
base, range marker, iso-echo contour, automatic gain — and sensi- 
tivity time control circuits. Dimensions: 15}in by xf 7iin. 

Indicating unit, weighing 9 Ib, has a Sin tube & with permanent 
azimuth bearing lines and high-brightness tube to avoid the need for 
a viewing hood in most cockpit lighting conditions. To avoid congestion 
of targets at short ranges, the zero range on the 20-mile setting corre- 
sponds to an arc about the point of rotation. Available range settings 
are 0-20, 0-60 and 0-120 nautical miles, with markers res ively at 
5, 10 and 20 mile ranges. Dimensions: 13in by S}in by Sjin. 

Control unit, weighing 2 lb, contains aerial tilt, contour/ aaneat gain 
switch and knob, range selector, stabilizer on/off/fast erect switch and 
auto /manual tune switch and knob. Subsidiary control panel and switch- 
over unit are optional and two indicator units can be carried. Two 
junction boxes, together weighing 7} lb are necessary. 

Power supplies: 115 V A.C., 400c/s cer: = VA; 115 or 208 V 
A.C., 300-550c/s, 3-phase, 500 VA; 28 V D.C., 10 W. 


AN/APN-59 Navigational Radar 

Sperry Gyroscope Corp., Great Neck, New York. 

AS the military designation denotes, this radar was developed primarily 
for military cargo and transport aircraft of the U.S.A.F. and it is there- 
fore rather more versatile and elaborate than usual civil equipment. It 
is defined as a complete navigational radar system, and has a maximum 
range of no less than 240 miles; infinitely variable range setting between 
zero and 30 miles; 360 deg scanning and presentation; variable scan 
rate; pitch-and-roll aerial stabilization peeeel of the usual line-of-sight 
system; compass as well as aircraft centre-line orientation of the scope 
picture; and alternative equal-energy or pencil beam for short- or long- 
range mapping. 

Both the control panel and the indicator are primarily designed for 
installation at the navigator’s station, though a scope for the pilot is 
available. The remotely-mounted aerial-stabilization gyro is of the 
A-12 type. The receiver/transmitter unit is pressurized if required. 
Either 18in or 30in diameter aerials ave available. Long pulse-length 
and narrow band-width make the APN-59 suitable for use as a search 
radar and such targets as ships can be identified at 120 miles. 

APN-59 has a peak power of 75 kW, transmits on 9.375 Mc/s 
(X-band) and receives radar ground beacons on 9,310 Mc/s. Total system 
weight is 143 Ib with 18in reflector and 153 Ib with 30in reflector. 
Maximum operating altitude is 50,000ft. Power supplies: 115 V 
380-1,000c/s, 10 A; 115 V, 380-420c/s, 2 A; 26.5 V D.C.,6 A. 


Airborne Weather Radar Type RDR-1 
Bendix Radio, Baltimore 4, Maryland. 
TYPES RDR-1A and RDR-1B (with Racon facility) 9,350 Mc/s 
(X-band); RDR-1C, 5,400 Mc/s (C-band). 

Component weights: scanner, 30 Ib; indicator, 12 lb; synchronizer, 
48 lb; transmitter/receiver, 40 Ib; control unit, 14 Ib. RDR-1C 
transmitter/ receiver, 48 Ib; all other units same as RDR-1A and B. 

RDR-1A, B, C: scanning arc, + 120 deg; sweep rate, 15 r.p.m.; 
scanner tilt, +15 deg; polarization, horizontal; scanner stabilization, 
+25 deg; ranges and marks, 0-20, 0-50, 0-150 n.m. with 5, 10 and 25 
n.m. range marks respectively; power supply, 115 V A.C., 300-1 aaah 
700 VA; 115 V A.C., 380-420 c/s, 200 VA; 27.5 V D.C., 25 

Controls include iso-echo contour, Racon beacon reception, . tilt 
and sensitivity time control (S.T.C.) to provide relatively constant 
illumination of similar targets from 0 to approximately 25 miles range. 
Rack-mounted units are fan-cooled, but adaptable for system cooling. 


Weather Radar AVQ-10 
Radio Corporation of America, 11819 West Olympic Boulevard, Los 
Angeles, California. 
THE AVQ-10 is used by American Airlines, Braniff, Continental, 
United, Pan American, T.WA., Air France, Air India, B.O.A.C., 
C.M. A, Cubana, Iberia, Qantas, R.E.A.L., Sabena, Swissair, VAT., 
Thai Airways and Karhumaki (Finland) Airways. A new indicator with 
a bright display tube for use in daylight without a viewing hood is being 
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a receiver, weighing 43} Ib, one ATR size rack-mounted, 
provides 75 kW peak power on 5,400 Mc/s (C-band). 





















Viewing scope of the Bendix weather radar and control panel of the 
Collins equipment for the same purpose. 


Accessory unit, weighing 33 lb, one ATR size, rack-mounted, con- 
tains synchronizing, video, I.F., and stabilizing circuitry. 

Indicator, weighing 13 ib, shock-mounted, with Sin screen scanning 
sector of about 270 deg on 20, 50 and 150 n.m. ranges. 

Control panel, weighing 2 Yb and having aerial tilt, range, contour 
on/off, contour gain and stabilization on/off controls. 

Power supply: 115 V A.C., 380-420c/s, 500 VA; 115 V AC., 
—— 275 VA; 27.5 V D.C., 30 W. Max. operating altitude 
16,000ft. 


WP-101 Weather Radar 
Collins Radio, Cedar Rapids, Iowa. 
THE Collins weather radar uses printed circuits, modular construction, 
a load isolator circuit and magnetic amplifiers. It is installed in DC-6s 
and 7s and Convairliners of Delta, among others. Total system weight 
is 131.3 Ib uninstalled. 

Aerial, weighing 21 Ib, scans through 360 deg at 15 r.p.m., is line- 
bet: ‘stabilized up to +35 deg at zero tilt. Tilt limits are +10 deg, 
—15 deg. 

Receiver/transmitter, weighing 55.8 lb, produces 75 kW power at 
5,400 Mc/s (C-band). 

Synchronizer unit weighs 42 Ib. 

Indicator unit, weighing 11 Ib, may be duplicated for use by both 
pilots, and includes a Sin tube face and range and picture controls. 
Display extends 120 deg either side of the aircraft centre-line, with 
suitable bearing and range markers. Selected ranges are 0-20, 0-50 
and 0-150 n.m. with 5, 10 and 25 miles range marks respectively. 

Control panel, weighing 1.5 lb, includes iso-echo contour/normal 
switch, gain control, aerial stabilization on/off switch and aerial tilt 
control. The panel is edge-lit. 


Weather Avoidance Radar AVQ-50 


Radio Sapenies of America, 11819 West Olympic Boulevard, Los 

Angeles. 

THE AVQ-50 is designed primarily for light twin-engined aircraft 
where space in the extreme nose is at a premium. This is a much 
simplified radar. 

Aerial, weighing 5.5 lb, of 12in diameter, scanning an 80 deg sector 
ahead of the aircraft at 85 “looks” per minute. It projects a 7 deg 
pencil beam, can be tilted 10 deg up or down and is unstabilized. 

Receiver / transmitter, weighing 21 Ib in a short } ATR case, trans- 
mits — 9,375 Mc/s (X-band) at 45 kW peak. A ferrite load isolator is 
optional. 

Accessory unit, weighing 19 Ib in a short ? ATR case, contains power 
supply, timing circuits and I.F. amplifier, together with adjustable 
iso-echo contour section. 

Control panel is not supplied as a unit but as a kit of parts ae 
on/stand-by/range switch (10, 50 n.m.), tilt, gain and contour/no 
controls. The whole can be mounted within the space of a 3in panel 
cut-out. 

Power supply: 115 V A.C., 380-420c/s, 500 VA approx. Max. 
operating altitude, 16,000ft. 


The gyro-stabilized aerial of the Ekco E120 weather radar installed 
in the nose of a Britannia. 
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The Deccometers for the new Decca Mk 10 
receiver are simpler than those of earlier 
Mk 7 and 8 receivers. 














Decca Navigator and Dectra 








AFTER many years of successful operation both as an air and 
marine J ge aye navigation aid, the Decca Navigator system, 
developed Navigator Co., Ltd., Brixton Road, 
London, S. Wor is well established. Chains of ground stations are 
operating over the British Isles (four chains), France (two), Den- 
mark and Germany. A further chain is being completed in Sweden; 
and advanced planning is in hand for others in Spain and Italy. 
Two further chains are planned to cover the St. Lawrence Seaway 
from Newfoundland down to Quebec. For specific military and 
civil survey projects, mobile chains have been set up in the 
Christmas I ds, the U.S.A., Venezuela, Borneo and New 
Guinea. That the first ot these is to provide exact positional 
information for the forthcoming British nuclear-weapon trials is 
a testimonial to the accuracy of the system. 

The Decca Navigator system has proved so accurate that special 
modifications in air traffic control procedures have been made for 
Decca-equipped aircraft. Since it operates in the M.F. band, 
Decca can be used down to ground level and is therefore particu- 
larly suited to helicopter operations. B.E.A. Viscounts use it as 
almost their sole navigation aid in certain route sectors. Most 
receivers in present use are of the Mk 7 (Viscount) and Mk 8 
types, though the recently developed Mk 10 will now offer simpli- 
fied operation. The new receiver carries out automatically certain 
of the co-ordinate identification processes which are manually set 
up in the Mk 7 equipment. 

One of the main components of Decca is the Flight Log 
presentation. This shows aircraft progress in the form of a con- 
tinuously traced line on a moving chart. Even the path of the 


aircraft while taxying is accurately recorded; and charts in almost 

any projection, and showing any information required by the user, 

can be supplied. Special aerial systems have been designed to 

overcome the detrimental effects of atmospheric disturbances on 
performance. 

A most important adjunct of the Decca Navigator, and one 
which in its own right might well revolutionize traffic control over 
the North Atlantic, is the new Dectra system. This is now being 
established; the stations in Newfoundland are transmitting and 
those near Prestwick, in Scotland, are almost complete. Dectra 
will give both track and range information for the whole Atlantic 

crossing on a Flight Log display with accuracies of between five 
and ten miles, depending on distance from the transmitters. An 
R.A-F. Valiant and “an equivalent Canadian aircraft” are testing 
the system; and B.O.A.C., Swissair, K.L.M., PanAm, T.C.A. and 
S.A.S. have expressed an interest in participating in trials. Present 
Atlantic pen separation of 120 miles laterally and 30 min in 
longitude could, with Dectra, be reduced to 30 miles laterally and 
10 min in longitude. The advantages of such reductions are self- 
evident to the transatlantic operators who are seriously perturbed 
about the traffic-control problem. 

The Dectra receiver is added as an accessory to the standard 
Decca Navigator receiver, the Flight Log serving both systems. 
A single chart can provide en route Atlantic coverage, terminal 
area guidance being given by normal Navigator approach charts. 
A complete installation weighs 140 lb. A combined Decca/Dectra 
installation would provide accuracy and flexibility never before 
available in one single system. 








Tacan 








"TACAN (tactical air navigation) is a bearing and distance radio 
aid sponsored by the U.S. Navy as a result of a research pro- 
gramme begun in 1945. It operates in the 1,000 Mc/s band, using 
conventional interrogator / responder techniques for distance 
measurement, and rotating and reference signal phase-comparison 
for the determination of azimuth. A single channel serves both 
bearing and distance functions. The maximum line-of-sight range 
is about 200 miles. The U.S.A.F. designation is AN/ARN-21. 

Because Tacan has a similar function to V.O.R./D.M.E. but 
is not compatible with it (there are objections to its use in light 
aircraft and the V.O.R./D.M.E. and Tacan distance measuring 
frequencies conflict) comparative evaluations were carried out to 
the accompaniment of much political wrangling, in order to deter- 
mine the best system. 

Arising out of this Tacan-V.O.R./D.M.E. controversy is a new 
short-range navigational system which has been accepted by both 
military and civilian interests in the U.S.A. This is Vortac, which 
combines the direction-finding portion of V.O.R./D.M.E. (the 
omni-directional range feature) with the distance-finding element 
of Tacan. As the U.S. Services will continue to use Tacan, Vortac 
is an entirely civil aid that may prove to be a stepping stone to 
the future general adoption of Tacan or its developménts. 


STARN. 21 (Tacan) 


Standard Telephones and Cables, Ltd., (Radio Division), Oakleigh 

Road, New Southgate, London, N.11. 

THIS airborne equipment consists of a transmitter/receiver unit, a 
pilot’s control unit, a coupling unit, bearing/distance indicator and 
an aerial. The main equipment is interchangeable with its American 
counterpart. The American Tacan has separate indicators for range 
and bearing. 

The transmitter/receiver unit provides 126 channels spaced at 1 
Mc/s and selected from the pilot’s controller. Interrogation and reply 
frequencies are spaced 63 Mc/s from each other. The transmitter 
section is used for interrogation or distance-measurement only. It 
operates at two recurrence frequency rates: (1) “Search”—looking for 
a beacon response at 150 pulse pairs per second and (2) “track”— 
after the signal is found and the circuits are automatically locked-on 
to the signal at 30 pulse pairs per second. 

The power supplies required are 320-1,000 c/s at 115 V nominal 
380 VA; 380-420 c/s at 115 V nominal 80 VA; and 28 V D.C. nominal 
20 W. Provision is made for an external air supply to be introduced 
for cooling purposes. 

Indication of bearing and distance is by individual meters; a flag 
warning is displayed should the distance signal fail or be under strength 
for correct reading. The total weight of the STARN. 21 is 83 Ib. 


Tacan/D.M.E. 


Federal Telephone and Radio Company division of International Tele- 
— a | tian Corp., 100 Kingsland Road, Clifton, New 
ersey, U.S. 
THE yon tan distance-measuring equipment manufactured by this 
company is claimed to be the first in the field. It is half the size of 
the military equipment and weighs 35 Ib; and the makers claim that 
it is accurate to within two-tenths of a mile—independent of distance 
—up to 195 n.m. Directional information is displayed on a dial, and 
distance from the ground station is by a counter-type presentation. 
Features of this Tacan/D.M.E. equipment are: direct crystal control 
of 126 transmitting and receiving frequencies; compact modular design 
for easy maintenance; the use of ARINC-type (rather than sub- 
miniature) tubes and multiple range information display. The con- 
struction of the equipment is in accordance with the recommendations 
of the Airlines Electronic Engineering Committee. 
The Tacan/D.M.E. equipment consists of four units: a suction- 
cooled distance-interrogator, a 126-channel selection control box, 


“distance indicator and broadband-type fiush or projecting aerial. To 


these may be added a Tacan bearing adaptor and bearing indicators 
for full Tacan (rather than Vortac) use. Silicon diodes are used and 
considerable development effort has gone into improving the mechanical 
tuning and reducing spurious emission. 


Tacan Developments 

International Telephone and Telegraph Corp. Address as above. 
SPONSORED by the U.S. Navy, the I.T. and T. have developed a 
“data link” system for use with Tacan that will receive or pass data on 
bearing, distance, heading, altitude and airspeed to 120 aircraft. At the 
same time, groups chosen from 31 formalized messages can be sent. 
The new system can be integrated with the existing Tacan or with 
Vortac as it is at present envisaged. 

The data-link system on the ground includes URN-6 Tacan grid- 
beacon coding, storage, receiving/transmitting, control and display 
equipment. Carried in the aircraft is automatic and manual equipment 
to encode distance, bearing, heading, airspeed and altitude as read 
from the aircraft’s instruments. This information is automatically 
transmitted at regular intervals and displayed on the ground on consoles 
containing licas of the aircraft instruments. 

A one ATR-size data-coding unit, selector panel and command- 
altitude indicator are added to the standard AN/ARN-21 airborne 
Tacan, together with a control panel showing eight variations of the 
31 possible messages, such as: “proceeding”, “short of fuel”, “hold”, 
or “orbiting.” Messages can be fnitiated in the air or on the ground, 
and confirmation by a Sesh-butnon” procedures is possible. 

LT. and T. is also evaluating the use of Tacan channels for an I.L.S 
that would be integrated with Tacan. 
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national standardization are never likely to be completely 

achieved. And in spite of strenuous efforts to achieve world- 
wide adoption of standard navigational systems by 1.C.A.0., 
European and American viewpoints have yet to be completely 
reconciled. Nevertheless, radio range and A.D.F. (on M.F. fre- 
quencies) airways flying is common to both countries, = is (in 
the V.H.F. band) the instrument landing system; and although 
V.H.F. Omni-range coverage in Europe is scant (the Decca 
a is a powerful challenger) it is the radial bearings from 

V.O.R. beacons upon which most integrated flight systems are 
based. Decca has its own lucid Flight Log display. 

Reviewed below are a score of cockpit instruments which serve 
to give the pilot control or monitoring information. They range 
from simple single-function displays to complex integrated 
systems designed to be keyed to autopilot operation. The trend 
of development seems clear; the presentation of these “flight 
systems” has been simplified and “integrated” to an extent where 
the instruments of the system combine on many fewer dials the 
information previously displayed elsewhere on the instrument 
panel. And considerable ingenuity is being exercised by the 
instrument manufacturers to make the presentation more in- 
formative, unambiguous and simple to set up. 

Before describing each instrument in detail, a re-explanation 
of the method of using V.O.R. radial bearings may not come 
amiss. An omni-range transmitter radiates V.H.F. (112-118 Mc/s) 
beams in all directions of azimuth up to a maximum range (de- 
pendent upon altitude) of about 150 miles. V.H.F. transmissions 
are little affected by static interference, but, because they operate 
along “line of sight,” reception at low altitudes is not always 
certain, and the stations are usually positioned on high ground. 

Tuning to and fiying along a V.O.R. radial will bring the air- 
craft over the transmitter; a swing off track will be indicated by 
the swing of a deviation needle on a panel-mounted instrument. 
This information may be presented in several different ways; by 
a radio magnetic-indicator, a “left-right” needle, the steering in- 
formation of a flight director system, or a deviation indicator. 
Similar presentation is used for depicting the path away from 
the V.O.R. station: some method of indicating “to or from” 
is invariably provided. The V.O.R. information which is shown 
on these instruments can, on the approach, be replaced by the 
steering direction from the I.L.S. localizer on V.H.F. frequencies 
of 108-112 Mc/s. 

National Aeronautical Corporation, Ambler, Pennsylvania. 

Narco Omnigator. An eight-channel V.H.F. navigation aid, primarily 
for light aircraft, the Omnigator may be used for communications only, 
for V.O.R. and communications or for I.L.S. localizer and visual-aural 
range navigation. Stations are knob-selected and crank-tuned and the 
omni radial is determined by the centring of a needle when the course- 
selector scale is revolved. ““To” and “from” information is displayed 
on an additional scale. For outbound flying, the course from the V.O.R. 
Station is set up and the aircraft flown “on to the needle” to keep it 
centred. 

Narco Superhomer. Similar to the Omnigator, the Superhomer is 
a four-channel V.H.F. set to which a Narco L.F.R.-1 low frequency 
receiver may be attached. It requires coarse- and fine-tuning to deter- 
mine the V.O.R. radial being flown. The coarse-tuning needle and 
“to” and “from” indicator are combined on one dial. A new version 
released in March features a 12-channel transmitter; it weighs 10.7 Ib. 

Narco Omniplexer. This is an omni attachment with the same basic 
elements as the Superhomer, for the Narco V-12 Simplexer wide-band 
V.H.F. transmitter. The latter set provides 12 crystal-controlled 
channels on the 118-127 megacycle band and incorporates Narco’s 
“whistle-stop” receiver pre-tuning. 

Omni Converter: Model VOA-3. For use in conjunction with a 27- 
channel Simplexer unit or a Sapphire 1016 60-channel V.H.F. trans- 
mitter-receiver, the VOA-3 is a V.O.R. or I.L.S. localizer navigation 
instrument. The course is selected by turning a knob to rotate the 
compass card; when the needle is centred the aircraft is flying the 
indicated V.O.R. radial. The instrument may be used for both basic 
information and as a second V.O.R. stand-by; it is accurate to within 
plus or minus two degrees. 

Intermediate between the components of this lightweight 
equipment and the integrated instruments referred to in the in- 
troduction are a range of navigation systems with display informa- 
tion shown on omni-bearing indicators, radio magnetic indicators, 


[: an imperfect world the simplicities which stem from inter- 


and omni-bearing selectors. These instruments are not unique 
to any one manufacturer, and the presentation and equipment 
naturally vary in detail. The units pictured and described below 
may be considered to be typical. 

Omni-bearing Indicator. The O.B.I. electrically combines (a) magnetic 
heading information from a remote indicating magnetic compass with 
(b) V.O.R. information from a receiver. The resulting signal is con- 
nected to a radio magnetic indicator. The O.B.I. indicates on its dial 
card the azimuth position of the aircraft in relation to the V.O.R. 
station, but it is not considered to be a primary instrument and may 
be mounted remote from the cockpit. In installations where lack of a 
gyro-stabilized magnetic compass precludes fitting an R.M.I., the 
omni-bearing indicator may be panel mounted. 

Radio Magnetic Indicator. e R.M.I. serves two functions; it 
provides a continuous indication of - bearings (V.O.R. or A.D.F.) 
being received, and it indicates continuously the magnetic heading 
of the aircraft. The unit incorporates two directional pointers and a 
rotating compass-card: each pointer can be driven from the output of 
separate receivers to provide simultaneous dual indications. Thus two 
A.D.F., two V.O.R. or one A.D.F. and one V.O.R. readings may be 
obtained. The two pointers are read against a rotating compass card, 
which is calibrated every two degrees. The front end of the pointers 
indicates the “to” radial of the V.O.R. station, or the magnetic bearing 
to the station if low/medium-frequency A.D.F. is in use. The rotating 
compass-card functions in the same manner as a remote indicating 
magnetic compass; heading is read off the marker at the top of the face. 

Flight-path Deviation Indicator. The cross-pointers of this instru- 
ment provide the pilot with V.O.R., V.A.R., and I.L.S. heading dis- 
placement and glide-slope data: it is used in conjunction with an omni- 
bearing selector. Flag alarm signals indicate mal-functioning of the 
localizer and glide-path pointers. 

Omni-bearing Selector. As its name implies, the O.B.S. is used to 
select the required V.O.R. radial; when the aircraft is flying along it, 
the vertical pointer of the F.P.D.I. will be centred and the “to-from” 
indicator will correctly indicate whether the magnetic .bearing to or 
from the V.O.R. station being received is being flown. A reciprocal 
switch enables the pilot to select the reciprocal radial (change the 
oy indicator setting by 180 degrees) without turning the selector 

t) 

Bendix Aviation Corp., Eclipse-Pioneer Division, Teterboro, N.}. 

Omni-magnetic Indicator. The MN-97 O.M.I. is a combination in- 
strument embodying the functions of an omni-bearing selector, a flight- 
path deviation indicator, an ambiguity indicator, and a relative magnetic 
heading indicator. The R.M.I. requires an additional source of gyro- 
stabilized magnetic heading information. 

The presentation includes a “to-from” window with sense indication 
displayed when the aircraft is on or near the selected radial and a 
vertical pointer for all navigational services. ‘The pointer maintains its 
centre position as long as the aircraft is on V.O.R. or I.L.S. course; 
a flag alarm indicates “off” when the signal strength is too weak for use. 
Included on the casing are a knob for course setting and a marker 
beacon indicator-light. 

An alternative version of the Omni-Mag incorporates an extended 
range feature on the vertical pointer. The normal range of the pointer 
movement is compressed into the inner two-thirds of the meter so that 
the scale becomes non-linear and will indicate much earlier the proxi- 
mity of the aircraft to the I.L.S. localizer beam. 

Sperry Gyroscope Company, Great Neck, New York. 

Sperry “Zero Reader” Flight Director. The advantages claimed for 
the Zero Reader are that it greatly improves the accuracy with which 
the I.L.S. glide-path and localizer beams can be held during an 
approach, and also the accuracy of normal flight operation. 

The heart of the system is an electronic computer which collects and 
co-ordinates information and presents it to the pilot on a simple two- 
needle indicator. The computer utilizes the information supplied by 
the gyro horizon, the directional gyro and magnetic compass, the 
sensitive altimeter and the I.L.S. cross-pointer meter; the computed 
information is shown on an indicator which instructs the pilot how 
to move his controls. Unlike the I.L.S. indicator, the Zero Reader 
Flight Director indicator is a parallel-motion cross-pointer instrument 
with a graduated scale to indicate the magnitude of pointer displace- 
ment. It is a “demand” instrument, which instructs the pilot what 
action he must take to follow a selected path or reach a selected objec- 
tive; it does not indicate attitude or direction displacement. The action 
of centring the needles may not, at inception, cause the aircraft’s flight 
path to coincide with any pre-selected heading, localizer range beam, 
altitude or glide slope. But provided the pointers are maintained at 


(From the left) Bendix Omni-magnetic indicator, typical cross-pointer 
dial and omni-bearing selector. At right is the Narco Superhomer 
12-channel V.H.F. navigation/communications radio for light aircraft. 
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zero, the flight path will converge onto the required heading and 
thereafter coincide with it. 

The other elements in the system are a course selector, a control 
panel, a horizon gyro unit and a junction box. The total weight of the 
components is about 274 Ib. 

¢ course selector has two pointers which indicate against a compass 
scale graduated in two-degree divisions. One pointer repeats the 
Sperry Gyrosyn Compass (combined directional gyro and magnetic 
compass) and the other can be set manually to the desired course. 
Aircraft Radio Corporation, Boonton, New Jersey. 

ARC Course Director System CD-1. (Weight, under 10 Ib.) This 
Course Director System provides the pilot with the correct headings 
for making instrument approaches and accurate en route tracking on 
V.O.R. and V.A.R. Stabilized directional information (accurate to 
about one degree) is furnished by a compass slaved-gyro, from which 
heading information may be read off, or it can be repeated on a cross- 
pointer meter. 

A heading computer taking heading information from the slaved 
gyro and track information from the omni-localizer receiver derives the 
steering data required to intercept and maintain the required track; 
hence automatic compensation is made for drift. 

ARC Radio Navigational Track System. (Weight, under 35 Ib.) 
Combination of the CD-1 course director with an ARC Type 15D 
V.H.F. navigational receiving system has resulted in a simplified “radio 
navigational tracking system.” As with the DC-1, the tracking system 
combines stabilized directional information with omni- or localizer- 
track information to produce computed steering data. 

The information is displayed on an IN-14 cross-pointed indicator 
and omni or localizer selection is made with a C-60 control unit. These 
panel mounted instruments reduce the cockpit operations of the CD-1 
Course Director and switch the Type 15D receiver from “localizer” 
to “omni.” 

Instrument Landing System. If opinions differ upon the ideal 
en route instrument navigation aids, for the approach phase is 
least, one system has been almost universally adopted. This is 
LL.S. It consists of a localizer radio beam to furnish directional 
guidance to the airport runway, a glide-path beam to furnish 
descent angle guidance and markers to give accurate radio fixes 
along the approach course. 

The localizer is located on the extended centre line of the air- 
port instrument runway and radiates a field pattern down the 
centre line toward the fan markers and another field pattern away 
from the runway in the opposite direction. The transmitter pro- 
vides an on-course signal for at least 25 miles from the runway 
at a minimum altitude of 2,000ft. 

Equi-signal or phase comparison-type I.L.S. localizers may be 
used; the latter are more suitable and generate signals more 
readily handled by V.O.R. receivers. In each case the radiated 
field pattern is modulated at different frequencies for each side of 
the centre line, dividing the beam into blue and yellow sectors. 
The blue sector (marked upon maps and charts and on the 
I.L.S. indicator instrument) is the right side looking from the 
outer marker towards the transmitter. 

The glide-path beam is radiated from a second transmitter 
located at the side of the instrument runway. The upper and 
lower sectors are also modulated to different frequencies, but are 
not colour-distinguished. 

Standard Telephones and Cables, London. 

This Instrument Landing System (total weight 40} Ib) is typical of 
many similar units. It includes a localizer and marker receiver (Type 
S.R.14-B), and a glide-path receiver (Type S.R.15-B) with a channel- 
selector unit and cross-pointer deviation indicator. 


(Left, upper and lower) Smiths Flight 
System: 
A, compass warning lamp; B, lower radio- 
coupled range; C, compass scale; D, 
“D.G.”" flag; E, top radio-coupled range; 
F, top datum; G, sense knob; H, heading 
index; J, heading pointer; K¢ displacement 
bar; L, displacement scale; M, bottom 
datum; N, setting knob; O, beam flag; 
P, attitude-failure flag; Q, pitch pointer; 
R, end of scale; S, bank scale; T, glide-path 
flag; U, pitch director pointer; V, horizon 
bar; W, pitch scale; X, pitch scale setting 
knob; Y, bank ringsight pointer; Z, azimuth 
director pointer. 


(Below, right) Sperry Zero Reader. 
Left to right, the control panel, course 
selector and cross-pointer director. 
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The Sperry System: A, horizon displacement; B and C, flight director pointers; 
D, pitch bar; E, V.O.R. pointer; F, miniature aircraft; G, three-position (off, 
V.O.R.,1.L.S.) flag; H, glide-path displacement. 


Flight Director Systems. Director systems have been mothered 
by necessity. Pressure on instrument-panel space and pressure 
on the work-load of the pilot have become so great that maximum 
simplification—yet without radical departures from accepted tech- 
niques—is essential. This is particularly true in the light of the 
growing demand of air traffic control procedures and the sustained 
cockpit efficiency required by turbine airliners. 

Smiths Aircraft Instruments, Lid., London. 

Smiths Flight System. The two main instruments of the Smiths 
Flight System are the director horizon and beam compass, but the 
system comprises as well a twin gyro vertical and comparator unit, a 
primary control selector and a stand-by magnetic compass. The other 
unit in the system is the S.E.P.2 autopilot (described on page 489) 
which provides radio coupling, approach coupling, height and airspeed 
monitoring. 

The following facilities are available: (1) duplicated indication of 
aircraft attitude in a manner similar to that of normal artificial horizons; 
(2) duplicated indication of magnetic heading from two independent 
gyro-magnetic compasses; (3) repeated magnetic heading information 
for other equipment, e.g., R.M.I.; (4) duplicated presentation of I.L.S. 
and V.O.R. displacement information related to the heading of the 
aircraft; (5) duplicated flight-director control by attitude demand signals 
for bank and pitch superimposed on the artificial horizon; (6) facilities 
when linked with the S.E.P.2 autopilot for course steering, turns on to 
pre-selected headings, maintenance of pre-set pressure altitude, air- 
speed monitoring, V.O.R. tracking, and fully automatic I.L.S. approach; 
(7) duplicated course-selection common to both autopilot and flight 
director on primary compass indicators; (8) common function-selection 
for radio coupling in both autopilot and flight director and (9) single- 
knob control of all normal manceuvres for both flight director and 
autopilot. 

The director horizon is an integrated instrument which provides 
attitude indication combined with steering and pitch commands for 
following I.L.S. or V.O.R. Lateral and pitch attitude indications are 
conventional. Commands are given by the pitch-director pointer, which 
indicates where the pilot should place the miniature aeroplane on the 
dial, — by the azimuth-director pointer, which tells him which way 
to bank. 

The beam compass displays the aircraft heading relative to selected 
LL.S. or V.O.R.; selection is made by rotating the compass scale; set- 
ting the heading index ensures that the director horizon will give in- 
structions for turning onto that heading. The radio displacement bar 
indicates where the selected beam lies in relation to the aircraft, and 
the top and bottom scales mark the limits of the sectors in which the 
system will lock-on to follow a beam cr radial. 

Sperry Gyroscope Company, Great Neck, New York. 

Sperry Integrated Instrument System. The principal instruments of 
the Sperry system are a horizon director, deviation indicator, and 
Gyrosyn compass. The horizon flight director is a bar-less gyro 
— combined with the flight director pointers of the Sperry zero 
reader. 

The pictorial deviation indicator provides identification of glide-path 
and V.O.R. displacement. Omni- ing selection is incorporated, and 
as the aircraft heading changes from this — the pointer rotates to 
show the angular position of the beam. The V.O.R. pointer is a narrow 
“Vv” which points to the top of the instrument when the aircraft is 
flying to the V.O.R. station; as it passes into the “from” zone, it 
revolves through 180 deg. The glide-path deviation pointer is held 
out of view when the radio is tuned to a V.O.R. frequency. Compass 
arom are not provided, as this information is supplied by an 


The Sperry system may be installed in aircraft not equipped with 
= automatic pilot, or it may be combined with the Sperry A-12 Gyro- 
pilot. 
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A B A 
Bendix Flight Director. Left hand instrument. A, course set knob; B, reci- 
procal heading ref; C, “From"’ flag; D, glide-slope dots; E, selected heading 
counter; F, aircraft reference; G, glide-slope bar; H, selected heading cursor; 
J, lubber line: K, “To” flag; L, azimuth ring; M, localizer bar; N, localizer dots. 
Right hand instrument. A, pitch trim knob; B, ball skid indicator; C, horizon 
bar; D command index; E, wing tip; F, airplane reference; G, bank angle. 
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Bendix Aviation Corporation, Eclipse-Pioneer Division, Teterboro, 

New Jersey. 

Bendix Flight Director. The Bendix flight director system com- 
prises two instruments, as illustrated; these are on the flight-path 
indicator and the flight director indicator. A standard R.M.I. compass 
may be included on the panel. 

The flight-path indicator combines compass heading, omni-bearing 
selection, localizer or V.O.R. pointer, glide-slope pointer, and “to” 
or “from” indication. The heading reference is indicated on the outer 
periphery of the instrument and “to” and “from” flags on the inner 
dial are visible through arrowhead cut-outs. Displacement of the air- 
craft relative to a selected course is shown by rotation of the localizer 
or V.O.R. dial in respect to the counter indicator at the top of the 
instrument. The glide-slope pointer and dial are underneath the 
localizer pointer dial; when the glide-slope receiver is not in use 
the pointer disappears. 

The flight director indicator provides pitch-and-roll steering com- 
mands and indicates attitude by conventional presentation. In addition, 
slip indication—at the base of the instrument—enables the pilot to 
obey the command signals and maintain co-ordinated turns. Indices 
on the outer periphery of the instrument provide roll-and-pitch com- 
mands. When these indices are in line with the aircraft symbol the 
pilot is in a proper attitude to correct for the course error. The horizon 
bar indicates the attitude of the aircraft during mancuvres. When the 
flight director system is not in use the indices move to the neutral 
— allowing the indicator to be operated as a conventional gyro 

jorizon 
Collins Radio Company, Cedar Rapids, Iowa, U.S.A. 

Collins Integrated Flight System. This system is based upon two 
instruments: a course indicator and an approach horizon. The indicator 
is a compass card upon which is superimposed a pictorial presentation 





Collins Integrated Flight System: A, course bar; B, to and from pointer; 

C, azimuth ring; D, heading marker; E, lubber line; F, miniature aircraft; G, course 

arrow; H, steering needle; J, glide-slope pointer; K, bank pointer; L, pitch bar; 
M, horizon; N, pitch trim knob. 


of the aircraft heading and displacement in relation to the I.L.S. or 
V.O.R. course. Omni range or localizer course is selected with a setting 
knob; the aircraft heading is read off the lubber line at the top of the 
instrument. A selected V.O.R. or localizer course is flown by rotating 
the marker arrow to the desired heading and holding it by following 
the steering needle of the approach horizon. 

This approach horizon combines attitude information with instruc- 
tions of the action necessary to turn onto or hold a radio or selected 
magnetic heading. The steering needle can be used either for I.L.S. 
approaches or for holding cross-country headings; there is a selector 
on the instrument casing. Glide-slope information is supplied by an 
arrow moving up and down against a vertical scale and a pitch-trim 
knob enables the pitch information of the artificial horizon to be 
“zeroed” to make attitude holding easier. The integrated flight system 
is designed to form part of the Collins Automatic pilot system, which 
includes the AP-101 automatic pilot. : 

Course line computers. The course line computer uses in- 
formation from two V.O.R. stations or V.O.R./D.M.E. and con- 
verts it into the exact position of the aircraft in terms of lateral 
deviation from a course. 

Collins Radio Company, Cedar Rapids, Iowa. 

Collins NC-101 Navigation System. Pre-punched cards in this 
system automatically tune two V.O.R. receivers to two V.O.R. stations 
and provide the necessary data to the computer about the relative 
location of the stations. With the Waypoint Selector distance set at 
“0,” the distance indicator reads distance to the master V.O.R. station 
and the course indicator (already described) indicates the bearing. 
Should the pilot desire to fly to a different point, not served by V.O.R. 
station, he may set in the distance and bearing of this point from the 
master V.O.R. station by using the Waypoint Selector. Distance and 
bearing to the waypoint are then shown. The course line computer 
feature allowing waypoint selection, may also be obtained by using 
D.M.E. and single V.O.R. data. 








Automatic Direction Finding 








RéAvi0 DIRECTION FINDING is dependent for its opera- 
tion upon the fundamental principle that certain types of aerial 
are highly directional, so that at a certain angular relationship 
between the plane of the aerial and a radio transmitter, the re- 
sponse of the aerial is at a maximum. Such aerials are often in the 
form of a loop, in which case the strongest signal is received when 
the plane of the loop is in line with the transmitting station. 

In A.D.F., the aerial is generally rotated by servo-motors until 
maximum response is obtained; and the bearing of the station 
relative to the fore-and-aft line of the aircraft is indicated on a 
graduated dial in the cockpit. It may also be indicated aurally 
through earphones or loudspeaker. 

The bearings from a radio compass may be used for position- 
fixing (from two stations) tracking towards a transmitter, homing, 
holding, stacking or—by obtaining a succession of timed bearings 
from one station—for distance calculation. The use of A.D-F. is 
complicated by the necessity for very accurate tuning to the chosen 
radio transmitter on the ground so that the best results may be 
obtained; and the technique to be followed during homing in 
making allowance for aircraft drift relative to the radio bearing. 
A.D.F. generally covers the frequency band between» 190-1,750 
k/cs which includes broadcast stations and marine and aero- 
nautical M.F. beacon systems. 

One or two A.D.F. receivers are considered virtually standard 
equipment for commercial aircraft and military aircraft are very 
frequently so equipped. Navigation aids on the ground are still 
such as to make A.D.F. in many areas almost indispensable. But 
caution and experience are required for efficient and safe operation. 
Being based on the lower frequencies A.D.F. is subject to static 
interference. 

The aerial system includes a “washing line” sense aerial and 
the loop. The first is selected on the cockpit control panel for 
initial tuning to the transmitting station and the bearing is re- 
ceived only after the selector has been turned to “ADF”. Being 





externally mounted, the “washing line” aerial may be rendered 
inoperative by ice formation, in which case the automatic work- 
ing of the loop is lost. A third function is therefore provided on 
the control panel to select “loop”. In this case the loop must be 
rotated by direct control from a slewing switch on the control box. 
The R.M.I. needle follows the loop. Aural signals show bearing. 

Particularly significant developments in A.D.F. equipment 
are the non-rotating loop, used in the Marconi AD.712 and new 
tuning display and control. Marconi crystal-controlled tuning, 
also a feature of the AD.712, is also of major assistance to the 
pilot in accurately and quickly tuning the receiver. 


Type AD. 712 


Marconi’s Wireless Telegraph Company, Ltd., Marconi House, 

Chelmsford, Essex. 

THE major feature of AD.712 is the crystal-controlled tuning system. 
The receiver will tune to within 50 c/s of the indicated frequency under 
normal working conditions. The Bellini-Tosi system incorporated in 
this A.D.F. allows the use of a non-rotating, ferrite-cored loop which 
projects only about one inch from the aircraft skin. The only cut-out 
required is a small hole for cable and socket. 

AD.712 comprises a double-superhetrodyne receiver, remote control, 
fixed-loop quadrantal-error corrector (corrections up to 25 deg may 
be made), and one or more R.M.I.s. S.B.A.C. or A.R.I.N.C. 530 dimen- 
sion-specification controllers are available. Power requirements are 
115 V, 400 c/s, single-phase, and a small 28 V D.C. supply. 


Type AD. 722 


Marconi’s Wireless Telegraph Company, Ltd. 
DESCRIBED as a “subminiature” A.D.F., the AD.722 has been 
specially developed for single-seater aircraft. The frequency coverage 
is 200 to 1,700 k/cs. Weight is 22 Ib and the required power supply 
is tapped from the aircraft’s primary 28 V D.C. supply. The sense 
aerial is suppressed in the aircraft skin. 

The principal units of this direction finder are a fixed loop, R.F. 
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Automatic Direction Finding . . . 


amplifier, I.F. amplifier, control unit, quadrantal error corrector and a 
bearing indicator. 


Type AD. 7092 

Marconi’s Wireless Telegraph Company, Lid. Address on page 499. 
COMPRISING a receiver, receiver-controller, dual sense amplifier, 
and servo amplifiers for the sense amplifier and R.M.I., Marconi’s 
AD.7092 is fitted in the Viscount and many other types. The aerial 
system is a motor-driven recessed iron-cored loop with a separate sense 
acrial (normally provided by the aircraft manufacturer) or another 
type (1268) is contained in a streamlined housing; quadrantal and field- 
alignment error-correction is automatically applied by the mechanism 
in the loop. There is a single screw adjustment for the amplitude of 
correction. The current consumption is 4.5 A at 28 V D.C. for a single 
installation of the self-contained H.T. power unit, valve heaters and 
auxiliaries; and 0.4 A at 115 V, 400 c/s, for remote-control systems. 
The total weight is about 45 Ib. 


Automatic Direction Finder CMA-301 

Aviation Department, Canadian Marconi Co., Montreal, Canada. 
THE CMA-301 A.D.F. was designed to meet C.A.A. and Canadian 
Department of Transport requirements and ARINC standards. It is 
suitable for use in modern high-performance aircraft and weighs 30 Ib 
complete. The flat, ferrite-core aerial can be suppressed below the 
aircraft skin. The sense aerial is specially designed to meet high-speed 
aircraft requirements and has a special coupling unit to reduce cable 
capacitance and increase signal/noise ratio. Accurate tuning and good 
frequency stability are provided by a precision electrical servo tuning 
system and temperature compensating components. ARINC form 
factor and interconnection standards are used. ¢ loop can rotate 
through 175 deg in approximately four seconds. Operators in Canada, 
the U.S.A., South Africa, Pakistan, and West Germany have adopted 
the CMA-301. Either 28 V D.C. or all-A.C. versions are available. 


A typical radio magnetic 
indicator, in this case the 
Bendix MN-58C. The needles 
can serve A.D.F. and V.O.R. 


D.F.A.-70 System 

Bendix Aviation Corp., Baltimore 4, Maryland, U.S.A. 
THIS Bendix A.D.F. provides (manually or automatically) visual in- 
dications of the direction of a transmitting station, aural reception of 
radio range and other course-orientated navigational aids and Consol 
reception. 

¢ components comprise a double-conversion superheterodyne re- 
ceiver (a “static-blanker” unit for the receiver is being developed for 
Bendix by the Lightning and Transients Research Institute, Minne- 
apolis), a flush-mounted automatic loop aerial, an electrically-operated 
remote-control unit, and a radio-magnetic indicator (described on 
page 497). 

The L.P.A.-70B flush loop antenna has four ferritic collector bars 
which concentrate the received energy into a small loop coil; the whole 
can be mounted in an ellipsoidal cut out. Compensation up to 21 deg 
can be obtained with either ferrite or aluminium bars. 

An alternative loop is the MN-60B which is an iron-core, electro- 
statically shielded unit hermetically sealed in a glass dofne covered 
with a streamlined anti-static housing. This projects about six inches 
from the fuselage skin. 


DF-201 Automatic Direction Finder System 


Collins Radio Company, Cedar Rapids, Iowa. 

THE DF-201 functions as an automatic or manual direction finder and 
provides amplitude-modulated or continuous wave reception, range re- 
ception and Consol reception. It comprises a control unit, receiver, 
and loop antenna. It is claimed that printed circuits, silicon diodes, 
dry-disc rectifiers and transistors add to the reliability of the system. 

The control unit embodies a veeder-counter frequency indication 
which is easy to read. The tuning circuitry in the remote control box 
is operated by three frequency-selecting knobs with an arrangement 
of resistors to provide voltages which are linearly proportioned to 
frequency over the four bands. The advantage claimed for this arrange- 
ment is that the problem of change in slope of the tuning curve with 
band change is solved electrically. 

The 137A-1 loop aerial is electrically and mechanically interchange- 
able with a flush-mounted type. Quadrantal error compensation is 
provided electrically by means of crescent-shaped ferritic correctors 
mounted in the field of the loop. A main frame gives support for the 
loop-rotating mechanism and correctors, which are enclosed in a 
sealed cover. Bearing information is displayed on a radio magnetic 
indicator. 


Components of the crystal-tuned Marconi AD-712 include (left to right) 
the extremely thin, fixed loop, quadrantal error corrector, receiver and 
control panel. 


ADF-100 
Lear Inc., 3171 S. Bundy Drive, Los Angeles 34, California. 
WEIGHING only 18.5 Ib, ADF-100 has printed circuits and tran- 
sistors, thus reducing the normal power consumption to only 10 per 
cent of that normally required. Virtually no warm-up time is required. 


ADF-12 

Lear Inc. 

THIS set can reasonably claim to be one of the lightest made: it weighs 
altogether 17.3 Ib. Power requirements are 3.3 A at 28 V or 5.7 A at 
14 V. The components of the system are a controller (with ADF/ANT 
switch, 3-band selector switch, tuner, sloped scale and test button); 
an amplifier suitable for 12 or 24 V power supply; and a ferro-dynamic 
loop which is electrically driven. ror compensation is performed 
electrically and the loop is hermetically sealed. Audio A.D.F. presenta- 
tion can be provided through a loudspeaker mounted in the cockpit or 
through headphones. 


Type 21 Automatic Direction Finder 
Aircraft Radio Corporation, Boonton, New fersey. 
THE small, lightweight Type 21 A.D.F. consists of six components 
whose total weight is only 19 Ib. These are the receiver and mounting; 
power unit; loop; control unit; indicator; and loop housing. The loop 
for this A.D.F. is contained within a sealed glass dome which projects 
2lin from the fuselage skin; a flush loop may be produced when 
provision is made for it in new designs of aircraft. 

A problem of siting an A.D.F. loop is that—no matter where it is 
mounted—it will be located in a distorted magnetic field. Type 21 
A.D.F. therefore has 14 error-correcting screws (which allow correc- 
tions of up to 25 degrees) and the housing has anti-static properties. 
Crank tuning is provided, 29 turns of the handle covering each band. 
There is an audio-level and R.F. sensitivity control and, in the “ANT” 
position, the receiver may be used for reception of standard four- 
course L.F. ranges if A.D.F. is not required. Two versions of the 
indicator are manufactured; IN-12 and IN-13. The latter is used for 
dual A.D.F. installations. 


Radio Compasses RC 230 and RC 231 


THE RC 230 (single-frequency) and RC 231 re direction 
finders are made in France for light aircraft and fighters. They are 
used in conjunction with a flush loop antenna. The RC 231 is to be 
installed in the Morane-Saulnier M.S.760 Paris. 


Radio Direction Finder RDF-1A 


Aircraft Specialty Lines, Savage Industries, 10,200 North 19th Avenue, 

Phoenix, Arizona. ° 
THIS is a much simplified light-aircraft D.F. unit using its own receiver 
coupled with a shock-mounted dynamotor power unit and amplifier. 
The receiver has a tuned R.F. stage giving high selectivity. The 
receiver/tuner is instrument panel-mounted and covers the standard 
broadcast and L.F./M.F. navigation frequency bands. A voice filter 
cuts out range signals between 200 and 450 kc/s to improve voice 
reception. The direction indicating element is a fixed ferrite rod aerial 
avhich, under a plastic streamlined housing, projects about 2in from 
the aircraft skin. Cockpit presentation is in the form of heading error- 
signals on a left/right needle instrument. In some aircraft the loop can 
be positioned inside the cabin. Total cost, ex works, is advertised as 
$395. If the receiver is tuned with due care, good homing indications 
will be given at ranges in the region of 60 miles, but there is no clear 
indication of station passage. Needle sensitivity is adjustable by turn- 
ing a knob which initially selects either the sense aerial or the directi 
aerial. 

The RDF-1A is an improvement on several earlier devices of this 
kind in which the needle indicator and ferrite “loop” were coupled 
to standard aircraft M.F. receivers. RDF-1A weighs approximately 
15 Ib. It is not considered entirely adequate for I.M.C. operations. 


Lett, the Canadian Marconi CMA-301 control panel and (right) that 
of the British Marconi AD.7092C. 
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